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ABSTRACT 


In the light of knowledge gained by a previous group of 
investigators, an extended series of 3-monoalkylaminopropionohydroxamic 
acids were synthesized and examined for their hypotensive activities 
using anaesthetized rats. The results are discussed in terms of those 
structural features contributing to activity in these compounds. 

The 3-monoalkylaminopropionohydroxamic acids were screened for 
their effectiveness in protecting mice against poisoning by di-isopropyl- 
fluorophosphonate (DFP). None of these compounds was found to be effective 
in protecting mice against organophosphate poisoning. 

The 3-monoalkylaminopropionohydroxamic acids were all obtained 
by the interaction of the appropriate primary amine with methyl acrylate 
Or methyl methacrylate and subsequent treatment of the methyl 3-mono- 
alkylaminopropionates with hydroxylamine hydrochloride, 

Several of the methyl 3-monoalkylaminopropionate precursors 
were also evaluated pharmacologically. The hypotensive activity of one 
of these compounds, namely 2-methyl-3-octylaminopropionate (103) was 


found to be the result of ganglionic blockade, 
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INTRODUCTION 


The toxicity of organophosphorus compounds (referred to from 
now on as organophosphates) was first reported in the literature by the 
German chemist Willy Lange in 1932. Subsequently, a considerable 
amount of work in this field was carried out in Germany by Gerhard 
Schrader. His work led to the development of the fluorine-containing 
compounds including dyflos (di-isopropylfluorophosphonate, DFP), and 
the pyrophosphorus derivatives such as ethylpyrophosphate (tetraethyl- 
pyrophosphate, TEPP). This work had two direct results. Firstly, it 
led to the organophosphate insecticides in present day use, of which 
malathion (0,0'-dimethyl S-(1,2-dicarbethoxy ethyl) phosphorodithioate) 
and schradan (octamethylpyrophosphortetramide) are representative 
examples. Secondly, laboratories belonging to the armed forces began 
investigations into the possible application of compounds of this type 
as chemical warfare agents. Among the compounds considered sufficiently 
toxic for this purpose were ethylpyrophosphate, tabun (ethyl-N,N- 
dimethylphosphoramidocyanidate) and sarin (isopropylmethylphosphoro- 
fluoridate). The latter two compounds were produced on a large scale 
during the second world war. 

Many thousands of organophosphates have been synthesized, 
Schrader alone prepared around 2000. However, a few general comments 
can be made here. All of these compounds are anticholinesterases - 
their mechanism of action will be discussed in more detail after 
consideration of the interaction between ACh and AChE. They are mainly 


pentavalent phosphorus compounds with the general structure: 
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Ry denotes an alkoxy group; Ry is an alkoxy, alkyl or dialkylamido 
group; X is a halogen, cyanide, phenoxy or di-substituted phosphoryloxy 
group. 

For convenience, it is possible to divide organophosphates of 
this general structure into two groups. On the one hand, compounds 
such as tabun or sarin are highly active anticholinesterase agents. In 
addition they are volatile and stable and so they are particularly 
suitable for employment as so-called nerve gases. On the other hand 
these are not very desirable properties for compounds which are to be 
used on a wide scale as insecticides in agriculture. Consequently, a 
second group of organophosphates are rather weak anticholinesterases, 
at least when compared with substances like sarin or tabun. However, 
their metabolites are highly active. An illustrative example is 
provided by malathion, which is typical of such low hazard pesticides. 
The selective toxicity to insects has been accounted for by differences 
in metabolism. Malathion is rapidly metabolized in mammals, principally 
by hydrolysis of the ethyl ester bonds, to give malathion monoester, 
whereas in insects oxidation to malaoxon is the principle route of 
metabolism. Malaoxon is some 1000 times more potent than malathion as 
an anticholinesterase., The endometatoxic action of Schradan provides 
another example of selective bioactivation. 

A great deal of work has been done in order to clarify the 


interaction of ACh and AChE during the hydrolysis of ACh by the enzyme. 
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The groups in the ACh molecule which are most likely to be bound to the 
enzyme surface are the cationic head and the ester group (Wilson and 
Bergman 1950; Bergman et al 1950; Wilson et al 1950). That part of the 
enzyme surface which may bind the cationic head has been called the 
‘anionic site', and that which may bind the ester group the 'esteratic 
site' (Wilson and Bergman 1950). 

Wilson et al (1950) have proposed a mechanism in which a 
basic group in the esteratic site of AChE forms a covalent bond with 


the carboxyl carbon atom of AChE: 
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H - G is that part of the esteratic site of AChE which contains a 
basic group represented by the pair of unshared electrons and an 
acidic group, represented by the hydrogen atom. Ch is CH,CHN” (CH). 
Krupka and Laidler (1961) think it unlikely that a basic 
group forms the covalent bond and suggest that the oxygen atom of the 
hydroxyl group of a serine residue forms the bond, though they do not 
propose a complex involving a quadriligant carboxyl carbon atom. They 


have made a detailed proposal of the interaction of the enzyme and 


substrate, including the relative location of the reacting groups of 
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the enzyme and ACh. What appears likely (Triggle 1965) is that four 
groups in two sites of the enzyme are involved in the binding of AChE: 
the anionic site and an acidic group, a basic group and a serine 
residue of the esteratic site. The anionic site binds the trimethyl- 
ammonium group of the substrate and may be a phosphoric acid group 
(Ariens 1962). The esteratic site binds and reacts with the acetyl 
group of the substrate. The basic group may be an imidazole nucleus 
(Krupka and Laidler 1961). 

Poisoning by the organophosphate anticholinesterases has been 


"irreversible" inhibition of AChE. The result is 


shown to involve the 
that the normal enzyme function of hydrolyzing AChE is prevented. 


Wilson (1951) proposed that the reaction between organophosphates and 


AChE is analogous to the reaction between ACh and AChE: 
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where H - G is that part of the esteratic site of AChE which contains 
a basic group represented by the unshared electron pair, and an acidic 
group represented by the hydrogen atom. Phosphorylated AChE unlike 
acetylated AChE is extremely stable, i.e. reaction ii) proceeds at a 


very low rate, and for this reason organophosphates are inhibitors and 
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not substrates of AChE. 

There is evidence that phosphorylation occurs at the serine 
hydroxyl group in AChE, (Schaffer et al 1953). This is not what would 
be expected from the mechanism of AChE proposed by Wilson et al (1950) 
or from the proposed reaction between AChE and organophosphates indi- 
cated above. 

Wilson (1951) found that choline and hydroxylamine reactivated 
phosphorylated AChE at a much faster rate than water alone. Since, for 
purposes of therapy, a rapid return of activity is important, this early 
work led to the development of reactivators such as oximes or hydroxamic 
acids. Among these, pralidoxime iodide (2-pyridine aldoxime iodide, 
P-2-AM) (1) and NN'-trimethylene bis (4-hydroxyiminomethylpyridinium) 
dibromide (TMB-4) (2) are considered to be the most potent reactivators 


CH = NOH CH = NOH 


he a 
(CH,), 


(2) 


of phosphorylated AChE. A number of chemically related ethers, thio- 
ethers, sulfoxides and sulfones of general structure (3) in which Z is 
O, S, SO or sO, have been found to be suitable as antidotes for 
poisoning from organophosphorus compounds (Hauschild et al 1965). The 


chemically related diol of general structure (3) where Z = (CHOH) ., was 


also found to be capable of preventing inhibition of AChE (Engelhard, 
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1964). Ashani and Cohen (1967) tested a series of heterocyclic oximes 


CH = NOH CH = NOH 


of general structure (4) as reactivators of phosphorylated cholin- 
esterase. The most active member, 4-hydroxyiminomethyl-1-[3(N,N- 
dimethylamino)-n-propyl]-pyridinium chloride was found to possess 
excellent antidotal properties against intoxication with various 


organophosphorus insecticides. Nishimura et al (1967) have found 


12 


HON = CH +N (CH) (NR Re ix? 


(4) 


related diquaternary compounds to be efficient antidotes for organo- 
phosphate poisoning. 

Hydroxamic acids are less active than oximes as reactivators 
of phosphorylated AChE but are more potent than hydroxylamine. The 
best hydroxamic acid reactivators are reported to be nicotino- 
hydroxamic acid methiodide (5), pyrimidine-2-hydroxamic acid (6) and 


picolinohydroxamic acid (7) (Hobbiger 1963). 
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The active species of hydroxamic acids are their anions. The 
hydroxamate ions react with a protonated form of phosphorylated AChE. 
The ionizing group involved is assumed to be the acidic group in the 
esteratic site, which loses a proton during phosphorylation. Reac- 
tivation of phosphorylated AChE by hydroxamic acids, therefore, can be 


represented as follows (Hobbiger 1963): 
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Coe (1959) found that quaternary hydroxamic acids derived 


from pyridine of general structure (8) 


& Neo» mon Gli 
R 


(8) 


in which R is a hydrogen atom or an alkyl group and ne is a hydrogen 


atom (n = 1 or 2) or a methyl group (n = 1) were very effective in 
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preventing and reversing some of the physiological effects of cholin- 
esterase inhibition. This observation prompted Coutts and his co- 
workers to extend their interest in hydroxamic acids to the preparation 


and pharmacological evaluation of compounds of general structural type 


(9) 


RR N HCH, CHR 


(9) 


-CONHOH C17 


in which the substituents R and Re were alkyl groups or a ring system 
and Ro was a hydrogen atom or a methyl group. These compounds were 
envisaged as potential reactivators of phosphorylated AChE. However, 
preliminary pharmacological investigations revealed that some of these 
compounds possessed hypotensive activity. 

Coutts et al (1969) prepared methyl 3-aminopropionate hydro- 
chlorides of general structure (10) and converted them to 3-amino- 
propionohydroxamic acid hydrochlorides of general structure (11) where 
R was a piperidino, piperazino, morpholino or homopiperidino group and 
Rt was a methyl group or a hydrogen atom. 

* 


RCH, CHR COOCH., HC1 


(10) 


RCH cHR*CONHOH HCl 


2 
(11) 


The effects of intravenous administration of the ester hydrochlorides 


and the hydroxamic acid hydrochlorides on arterial blood pressure was 
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studied in anaesthetized cats. All of the hydroxamic acids and most of 
the esters caused a fall in the blood pressure to a varying degree. 

The duration of action of the hydroxamic acids was found to be more 
prolonged than that of the esters. Of the compounds studied, 2-methyl- 
3- (4-phenylpiperidino)propionohydroxamic acid hydrochloride (12), 
designated as K/6, produced a marked and prolonged fall in the blood 


pressure. 


aR ue Hee een, oomBoE Cir 


(12) 


This observation led Midha et al (1970) to carry out a detailed 
pharmacological investigation to define the mechanism of K/6-induced 
hypotension. These workers concluded that K76 produces a fall in blood 
pressure by blocking sympathetic ganglia. They found K76 to be as 
active as pentolinium tartrate on a molar basis. 

Coutts et al (1969) showed that by changing the nature of the 
basic group R in compounds of general structure (10) and (11) the 
magnitude and duration of the fall in blood pressure produced by com- 
pounds of this type was significantly altered. Subsequently, Coutts 
et al (1971) extended these investigations to include compounds in 
which the group R was an alkyl or dialkylamino group as well as further 
compounds in which R was a piperidino or morpholino group. The group 
Rt was an alkyl group or a hydrogen atom as before. The majority of 
the 3-aminopropionohydroxamic acid hydrochlorides and methyl 3-amino- 


propionate hydrochlorides examined produced a fall in the blood pressure 


beltateb 2 sa eTTRO 0 ren Ag 29 sifbite bal noksavasada ord 
boombuk-B0a "to, meinar'oan sis lice! od potiin eee ‘sotgotosamanig 


es Bead od oa bao’ edt aaa, sttsdgeqmys sutenias a, Smee 
| i ee mutatlosasg oe evksos 


fe (@ee1) Je)38 232000 


Macs 51 7» sans Yo abavogtos ak s eee dead 
| ean hosinl 20 sotaxub Sa Shuskgan 


toate ea en sida Yo abawog 


sila to osuian oa ap 


*, 


ll 


of anaesthetized cats. With certain compounds the hypotensive effect 
was prolonged, for example, 3-hexylaminopropionohydroxamic acid hydro- 
chloride (13), 2-methy1-3-phenethylaminopropionohydroxamic acid hydro- 
chloride (14) and methyl 2-methyl-3-dimethylaminopropionate hydro- 
chloride (15). None of the compounds studied, however, was as active 
as 2-methy1l-3-(4-phenylpiperidino)propionohydroxamic acid hydrochloride 
(K76) reported earlier (Midha et al 1970). 


+ -_ 
CoH, 3N H,CH,CH.,CONHOH Cl 


(13) 


CH.CH.N’H CH,CH(CH,)NHOH C17 


Darga 
(14) 
+ a 
(CH) N HCH,CH(CH,)COOCH, C1 
(15) 


With the exception of the work of Coe and that of Coutts' 
group already outlined, very little work has been reported on the 
biological properties of aminohydroxamic acids of structural type (9). 
Gilbert et al (1961) have prepared a series of hydroxamic acids of 


general structure (16) 


(CH N" (CH) _CONHOH San = 1-to 3 


3)3 
(16) 


in an investigation of the relationship between structure and 


hed 


reactivating ability among hydroxamic acid reactivators of phosphonate- 
inhibited AChE. None of these substances was found to be an effective 
reactivator, however, indicating that the reactivation reaction does 
not require a molecular configuration similar to ACh. One other 

group of compounds of related structure has been reported. Aralkoxy- 
amides of 4-phenyl-1,2,5,6-tetrahydropyridino alkanoic acids, such as 
(17) have been found to be useful in the treatment of hypertension and 


peripheral vascular disease (Biel, 1965). 


pare acumen 


These compounds produce a potent and prolonged blood pressure lowering 
which does not involve blockade of autonomic ganglia. The corres- 


ponding N-alkynyl- and N-alkynyloxy derivatives (18) 


CH, CH.,CONHOCH,C =..0H 


(18) 


exhibit analgesic activity (Biel and Hopps, 1965). 
As far as other pharmacological properties of amino-esters 
of general structural type (6) are concerned, rather more work had been 
reported in the literature than was the case with the amino-hydrox- 
amic acids. 
Baltzly et al (1949) prepared and tested a series of compounds 


of general structure (19) where Rt was a methyl or ethyl group and X 
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+ 1. 
CH,CH,N H(CH,)CH,CH,COOR” x 


(19) 


was Cl or Br for oxytocic activity in analogy to lysergic acid. The 
maximum activity (5 - 10% of that shown by ergonovine per unit weight) 
was shown by compounds with two alkoxyl substituents on the phenyl ring. 
The monoalkoxy compounds had 0.1 of this activity and the compound with 
no substituents on the phenyl ring was inactive as were the phenolic 
compounds. 

Baltzly and Phillips (1949) studied the effect on oxytocic 
activity of introducing a hydroxyl group in the side chain in compounds 


of general structure (20). 


\ CHOHCHR™N*H (CH, )CH, CH coor? C1 | 


2 
(20) 
R 


The oxytocic activity of compounds with two alkoxy substituents on the 
phenyl ring, Re a hydrogen atom and ne a methyl or an ethyl group was 
not greater than that of the comparable substances without the hydroxyl 
group. On the other hand, monoalkoxy and phenolic compounds where Ri 
was a methyl group and R? either a methyl or an ethyl group were also 
of the same order of activity, whereas in the phenethyl series maximum 
activity was observed only with two alkoxyl substituents on the 
aromatic ring. 

Baltzly and Phillips (1949) examined the effect on oxytocic 


activity of varying chain length in compounds of general structure (21). 
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a ae 2 
(CH,) _N HR (CH, ) COOR X 


(21) 
R 


The compound where R was 3,4-(CH,0),, m was equal to 2, Rt was a methyl 
group, n was equal to l, Ro was an ethyl group and X was Cl (21) 
together with similar compounds without any ring substituents did not 
prove to be of physiological interest. Since the homolog of (21) where 
n was equal to 2 was quite active, it was apparent to these inves- 
tigators that at least two carbon atoms must intervene between the amino 
and carbalkoxyl groups. The reverse operation, i.e. increase of the 
distance between the amino and ester functions, produced no comparable 
change in physiological activity. Compounds with two alkoxy substi- 
tuents on the phenyl ring, m equal to 2, Re a methyl group and n equal 
either to 3 or to 6 were found to be significantly less potent than 
their equivalents where n was equal to 2. It was concluded that there 
was no critical upper limit in this distance, 

Phillips (1950) examined a number of compounds of general 


structure (22) i) bearing purely aliphatic substituents on the nitrogen; 


1+ = 
RR N'HCH,CH,COOCH, C1 


(22) 


ii) N-benzyl or N-phenethyl derivatives having not one but two 2-carboxy 
ethyl groups on the nitrogen; and iii) in which the nitrogen is part of 
a saturated heterocyclic ring. None of these compounds possessed 


significant oxytocic activity, but most of them were of low toxicity. 
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Numerous compounds of general structure (23) where Rt and Ro 
was a methyl group or a hydrogen atom and R was a variety of aliphatic 
or aromatic groups have been synthesized and tested for oxytocic 
activity by Horli et al (1962). Methyl 2-methy1-3-[2-(3-indolylethyl1) ] 
-propionate hydrochloride showed high oxytocic activity. Several other 
compounds of general structure (23) were also found to have oxytocic 


activity. 


RR’ N’ CH, CHR 


~COOCH., C17 


3 
(23) 


Of the possible compounds of general structural type (10) 
the reversed carboxyl analogue (24) bears the closest structural 
resemblance to ACh. 


+ _ 
(CH,) ,N CH,CH,COOCH,, i 


(24) 
It was synthesized by Bass et al (1950) who found it to be equipotent 
with ACh on the isolated guinea-pig ileum. Schueler and Keasling 
(1951) have extended these investigations to a number of compounds of 
related structure. Of particular interest are the reversed carboxyl 
analogues (25) and (26) of acetyl-a-methylcholine and acetyl-§-methyl- 


choline respectively. 


+ - 
(Co oN CH (CH, )CH,,COOCH I 


33 3 
(25) 
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(CH N" CH, CH (CH. ) COOCH ne 


3)3 3 
(26) 


These compounds were found to possess no more than 0.0001 of the 
activity of the normal analogues. 
Matkovics et al (1961) and Pdrszasz et al (1961) have 


examined a number of amino-esters of general structure (27) where 


Bee: 
R(CH.) COOR n= 1-02 


(27) 


R was a piperidino, pyrrolidino or morpholino group and Rt a methyl, 
ethyl, butyl or benzyl group. Tertiary amino-esters and especially 
methyl esters were primarily nicotine-like in action. On the other hand, 
benzyl esters showed ganglionic blocking properties. The potency of 
these compounds was strongly influenced by the structure of the nitrogen 
containing ring as well as by the intramolecular distance between the 
nitrogen atom and the ester group. Unlike the tertiary analogues, the 
methiodides of piperidino and pyrrolidino acetyl esters displayed 
ganglionic blocking activity while those of piperidino, pyrrolidino and 
morpholino propionyl esters were nicotinic like the tertiary derivatives. 
The methiodide of methyl 3-pyrrolidylpropionate was found to augment 
glandular secretion and especially salivation without any marked cardiac 
effect. In this respect, this compound was more active than pilo- 
carpine. 

Barrass et al (1968) have also studied amino-esters of the 


same structural type (27) where R was a dimethylamino or pyrrolidino 
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group and Rt was a methyl or an ethyl group. In addition, these 


R(CH,) COORt n= 1 to 4 
23n 


(27) 


investigators have examined a number of amino-amides of general structure 


(28) where R was a dimethylamino or pyrrolidino group as before and os 


OF 
R(CH,) CONR, n = 1 to 4 


2 
(28) 


was a methyl group or a hydrogen atom. These amino-esters and amides 
were found to be predominantly nicotinic, but only the quaternary salts 
displayed appreciable activity. Although some of these compounds showed 
muscarinic activity they were not very potent in this respect, also the 
tertiary bases were much less active than the quaternary salts. During 
the course of this study Barrassand his co-workers re-evaluated the 
reversed carboxyl ester of ACh. They found it to have 0.16 the activity 
of ACh in contrast to the work of Bass et al (1950) who estimated it to 
be equipotent with ACh. Brimblecombe and Sutton (1968) have investi- 
gated the effects of some of these quaternary amino-esters (including 
methyl 3-dimethylaminopropionate methiodide and ethyl 3-dimethylamino- 
propionate methiodide) possessing both muscarinic and nicotinic 

activity on the cat superior cervical ganglion. These workers suggest 
that the amino-esters cause ganglion stimulation by interaction with 
postsynaptic, nicotinic and muscarinic receptors, 


Various members of the series (29) and derivatives in which 


ip! Vs 2 


aS lezen #0 cobime~ontma sale i. bantmaxa’ ovad exotogisaevat 


4 
ty hae er0ied es wera onthilozaeg 20 ‘ontaatuizonts s eaw 3 stodw (8S) 


- sol Beh Gye: 


sotilen 5000, (HONS 
| i. hea 


nea ao alletmallng:analadetr 038 magexier 6 10 quoig iydjem «2 ane 
e160 cianz9980p ong aime aud .hatioota Vit antaaeck sd o3 bavol sxsw 
bawoda abnuoames sess ‘Bo giroe = dguontatA eaivisos eidatost4qs beysiqath 
on3 bake 199989 ents ak amez0q oad son: sisw ysis vaivizon olnliaceum 
» gota wed ine yrsaTas sup os pacts oviios esol dovum 9isw asesd eaaiaied 
| sid bessuleve-o7 exeitz0w~09 ald anima ybute abd: en s2IU09 od 
itera ans of. 0 eved cr 4h bnue’ yout Hh %o teas mag hee tsvet 
ot at hadaaksee od (bees) is 22 ‘east 2p asow ods. 03 tesxsa09 at dA Yo 
citesvat ved (eaen) nos2ue bas omcootdntat 19k datw sngsogtupe 9d 
eethetaneh ‘arese0-osims cremrozanp pene to amps 20 asostis ody rt 


~onbmatysitenth-€ Buse bas sbtbotdasa ‘sssoatgorganianlyizentb-€ £y iydasm 
ry " pleshdoo- ha dnihosviine eke anteeouaeg (obbbetdsen ozanot gong | 
iy seauane sats is ‘ease? | seobgang head: sohcequey ‘30 eds 20 yatvi2o8 
> daew aotioarsdah ‘ nobetunt Seats 30 not gases )-seus9 exases-ontas mia add aa 


Se 


“yexoaqese7 stetze;eum bas otatiosia ,obiqacyaseog 
gay le en lad 


wie a Seat 


lah Cah ‘Wage rikad ee 


> Ger g 


a4} ss A AW iae 


18 


certain of the CH, groups have alkyl substituents have been inves- 
tigated by Halverstadt et al (1959). The quaternary ammonium groups 
were derived from lower aliphatic amines and heterocycles such as 
pyrrolidine, piperidine, morpholine and pyridine. A number of these 
compounds exhibited marked ganglionic blockade. 


+ - 
R|RR4N CH,CH,COOCH,CH,N'R,R.R, 2X 


(29) 

Apart from the work of Barrasset al (1968) very little has 
been reported concerning the biological properties of amino-amides of 
general structural type (28). Rosen et al (1956) have screened a 
number of propionamides for oxytocic activity, Of the compounds 
studied only one, namely, 3(2-ethanolamino)-N,N-diethylpropionamide 
(30) produced oxytocic activity. The inactive compounds included 


HOCH.CH,NHCH.CH.CON(C,H,)., 


(30) 

aliphatic substitutions, branched and straight chain, of 5 to 7/7 carbon 
atoms such as pentyl, isopentyl and 3,4-dimethoxyphenethyl and hetero- 
cyclic radicals such as morpholino and piperidino combined with aralkyl 
radicals. Surrey and Olivet (1963) have found a number of quaternary 
ammonium salts of the N-tertiary aminoalkyl tertiary amino alkanamides, 
of which N-(2-dibutylaminoethyl)-3-dibutylaminopropionamide dimethio- 
dide (31) is a representative example, to have ganglionic blocking 


activity. 
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+ + - 

(C,H) .N (CH, )CH, CH, CONHCH, CH, (CH, )N (C,Ho), 21 
(31) 

A number of amino-esters and amides structurally related to those 

discussed so far were screened for antispasmodic activity by Pacheo 


et al (1962). The esters were of general structure (32) where R was a 


piperidino, pyrrolidino or morpholino group, Rt was usually a phenyl 


RCHR™ CH, ,COOR* HC1 


(32) 
group and Ro a methyl, ethyl or higher group. The amino-amides were 


of general structural type (33) where R was a piperidino, pyrrolidino 


RCHR” CH, CONER* 


(33) 
or morpholino group, Rt a phenyl group and R? usually a phenyl or 
substituted phenyl group. Of the compounds examined, butyl 3-phenyl- 
3-pipiridylpropionate hydrochloride and isobutyl 3-phenyl-3-pyrrolidyl- 
propionate hydrochloride showed high antispasmodic activity and low 
toxicity. 

Many of the amino-esters of general structure (34) were 
prepared by the interaction of methyl acrylate or methyl methacrylate 
and an appropriate amine (Baltzly et al 1949; Baltzly and Phillips 1949°; 
Phillips 1950; Pacheo et al 1962; Horii 1962; Barrasset al 1968; Coutts 


26928151969; 1971); 
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RR NH 1 CHR? = cr>coor* 4 RR NCHR“CHR>COOR* 


(34) 


Since this method has been employed in the present study to synthesize 
compounds of this type, it is convenient to discuss at this point the 
pertinent literature. 

Phillipi and Galter (1929) studied the reaction of ammonia and 
amines with several unsaturated esters. These investigators found that 
the main product of the reaction of methylamine with ethyl crotonate was 
3-methylaminobutyric methylamide, only a small amount of ethyl 3-methyl- 
aminobutyrate being obtained. By contrast, the only product of the 
reaction with piperidine was ethyl 3-piperidinobutyrate. No reaction 
was found to occur between ethyl 2-ethylacrylate and either liquid 
ammonia or methylamine. The interaction of ethyl 3-dimethylacrylate and 
ammonia gave about 60% of the addition product but no amide; reaction 
with methylamine gave some ethyl 3-methylaminoisovalerate but the main 
product was the methylamide. Piperidine did not react with ethyl 
2-ethylacrylate, 

Morsch (1932; 1933) has studied the action of ammonia, methyl- 
amine and diethylamine on ethyl crotonate, ethyl cinnamate and methyl 
acrylate respectively. This investigator found the products formed in 
these reactions to be dependent upon i) the relative amounts of the two 
reactants; ii) the duration of the reaction; iii) the reaction temper- 
ature and iv) the use of a solvent in the reaction. For example, methyl 
acrylate (1 mol) and 10% methanol-methylamine (0.55 mol) when allowed 


to react for two days at room temperature gave 22% methyl 
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3-methylaminopropionate (35) and 70% of dimethyl 3,3'methylimino- 
dipropionate (36); 1 mol methyl acrylate and 1.1 mols of methylamine 
for 2 days gave 24% (35), 35% (36) and 5.5% of 3-methylaminopropionic 
methylamide (37); 1 mol methyl acrylate and 4 mols of methylamine for 4 
days gave 64% (37). With 1 mol methyl acrylate and 1.1 mols of methyl- 
amine in absolute ethanol left at room temperature for 2 days there 
resulted 39.5% (35), 32% (36) and 4% (37). Using 1 mol methyl acrylate 
and liquid methylamine the following results were obtained on heating 

8 hours at 60 - 65°: 0.55 mol methylamine, 5% (35) and 89.5% (36); 1.1 
mols methylamine, 31% (35), 36.5% (36) and 9% (37); 4 mols methylamine, 
71.5% (37). Methyl acrylate and diethylamine interacted when allowed 
to stand for several days at room temperature or refluxed for 1 hour and 
gave methyl 3-diethylaminopropionate; heating methyl acrylate with 3 
mols of diethylamine for 24 hours at.190 - 200° gave 3-diethylamino- 
propionic diethylamide. 

Bieber (1954) has shown the ease of addition of certain amines 
to methyl methacrylate to be in the order piperidine > diethylamine > 
aniline > phenylethylamine. Methyl methacrylate treated with piperidine 
gave methyl 2-methyl-3-piperidinopropionate. In a sealed tube, for 15 
hours at 120°, diethylamine and methyl methacrylate interacted and 
yielded methyl 2-methyl-3-diethylaminopropionate. When methyl metha- 
crylate stabilized with 0.1% hydroquinone was heated 60 hours with 
aniline the amino-ester was obtained in relatively low yield while 
methyl methacrylate heated 87 hours with phenylethylamine gave no amino- 


ester. 
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In general amines react with the lower aliphatic esters and 
nitriles of acrylic and methacrylic acid and crotonic acid without the 
aid of a catalyst. In this addition reaction steric effects are very 
important, however, and the size and branching of the alkyl groups in 
the amine have a definite influence on the reaction. Luskin et al (1956) 
found the yields obtained in the addition of n-butylamine, tert-butyl- 
amine and 1,1,3,3-tetramethylbutylamine to methyl methacrylate were 58% 
methyl 2-methyl-3-n-butylaminopropionate (38), 26% methyl 2-methyl-3- 
tert-butylaminopropionate (39) and 14% methyl 2-methyl-3-(1,1,3,3-tetra- 


methylbutylamino)propionate (40) respectively. 


CH. (CH NHCH..CH (CH, )COOCH 


(38) 


2)3 3 


(CH CNHCH,,CH (CH. )COOCH 


(39) 


3)3 3 


(CH) ,CCH,C (CH NHCH,CH (CH. ) COOCH 


(40) 


32 3 

Taylor et al (1959) found that n-butylamine was readily cyanoethylated 
in 85 - 95% yield to give 3-n-butylaminopropionitrile (41), tert- 
butylamine was cyanoethylated only in 4.8 - 5.6% yield to give 3-tert- 
butylaminopropionitrile (42) and 1,1,3,3-tetramethylbutylamine gave no 


yield of 1,1,3,3-tetramethylbutylaminopropionitrile (43). 


CH. (CH) .NHCH.,CH,,CN 
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(CH, ) ,CNHCH CH,CN 


2 ie 
(42) 
(CH,) ,CCH,C (CH,) ,NHCH.CH.CN 
(43) 


Luskin et al (1956) have described yield improvements in 
reactions of tert-carbinamines with methyl methacrylate and acrylo- 
nitrile by using acidic conditions. The addition of small amounts of 
hydrochloric acid to the reaction mixture increased the yields obtained 
from the addition of tert-butylamine and 1,1,3,3-tetramethylbutylamine 
to methyl methacrylate to 42% of (42) and 33% of (43) respectively. 
Yield improvements in cyanoethylation were obtained by using dilute 
aqueous acetic acid as a catalyst. In this fashion the yield of the 
cyanoethylated derivative of tert-butylamine (42) was increased from 
about 5 to 89% and the yield using 1,1,3,3-tetramethylbutylamine was 
raised:from 0;,to, 83% of (43). 

Tayler 6t al (1959) have found that these other supposed 
catalysts are not needed for these yield increases because water alone 
catalyzes the cyanoethylation of tert-carbinamines. The yields were 
always substantially zero when anhydrous reactants were used and ranged 
from 95.5% for tert-butylamine, to 27.8% for tert-nonylamine when water 
was added. The solubility of water in the amines used in this study 
decreased rapidly as the molecular weight of the amine increased. 

While this lack of solubility in the higher amines resulted in lower 


conversions, the addition of N,N-diethylformamide which brought about 
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homogeneity of the reacting system, but was non-catalytic itself in the 
cyanoethylation reaction, restored the catalytic effect of the water. 

The mechanism of the cyanoethylation reaction has been 
postulated as attack by an anion or available electron pair at the 
terminal carbon atom of acrylonitrile followed by loss and gain of 
protons as needed to complete the reaction (Burston 1949; Ogato et al 
1956; Zellars and Levine 1948). Thus in the case of amines the mecha- 
nism has been postulated as: 


Fd + 
RCH,NH, - CH, = CHCN < RCHN H,CH,CHCN slow 


aE > 
RCHN H,CH,CHCN oa RCH NHCH,CH.CN fast 


According to Taylor and his co-workers the concluding step, previously 
considered the fast step, may, because of steric factors, be the rate- 
determining step and the effect of water in catalysis is in the role 
of a proton transfer agent effecting completion of the reaction: 


H H 


RN: + CH, = CNCN ¢ RN’ CH, CHCN fast 
H H 

H, on Hf 

ate « RNCH,CH,CN slow 

" awe 

H H 

ate a 

H H 


For a'compound to act as a proton transfer agent under these conditions 


it must have an unshared pair of electrons with a labile hydrogen atom 
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CH 


on the same atom which contains the unshared pair and the geometry of 
the proton transfer agent must allow it to physically fit the cyano- 
ethylation intermediate. Thus unhindered amines, alcohols, amides, 
thiols and the like should be effective in such a role. In the cyano- 
ethylation of unhindered amines, excess of unreacted amine itself can 
satisfactorily act as a transfer agent leading to high yields of product. 
In the case of highly hindered amines, such as the tert-carbinamines, 
the steric hindrance around the amino group prevents it from approaching 
the similarly hindered cyanoethylation intermediate to allow completion 
of the reaction. These effects become obvious only in essentially 
anhydrous reaction systems. The amounts of water usually found in the 
reagents used in these reactions are enough to promote cyanoethylation. 
If the proposed role of water in this system is correct, a 


similar effect should be found in the reversal of cyanoethylation: 


He’ A H 
+ 
RNCH CON RN Be RNH, + CH, = CHCN 
R\ Beg Ciao ls < 2 
H H 
ea ba 
Op-oH Hee. 0) =H 


Considering the fact that proton transfer would again be necessary to 
effect reversal of the reaction it would be expected that pure anhy- 
drous amine cyanoethylation products would not readily revert to 
acrylonitrile and amine. In order to evaluate this hypothesis 
experimentally, Taylor and his co-workers studied the reversal of 


amine cyanoethylation. It was found that reversal of reaction did not 


Ye Oa 
1 ane 


oS ais ae. olox s 


89 ‘Mowat ont ‘besonoant 19 102) mi sisbniday to mobs | 
soubor to ablere dgtd .. | iret . see, ten t0: ; | 
| eontennkenon33ed a9 us fom ‘nogana basabend cain ta va 


- gnifosozqga moat 3b eimaverg quorg ori a 

soizsiqm@os volts o3 starboresal sotsalyiaes : 
Uilakzageas ms veo avotvdo Seite, sendT 103 988% oda - 

als mt Hou, viiagee xe2ew to esha eit ames erge aokj289% svorbydas 7 

nodralyiigeonsled odse039 oo riguome Lik go Sp a baci ‘ae beau ainagesx 


a ss er teve els 3 22 
A eee eee i rere 


—_ “? oT 
imolisiydtaonsys Io Isexsves <? ae beuot ed bluode. toate 1aLlmte 
oer oes i. ah ey ()) @ nr Re raat, Wess! WPT s ) ote Saal 


7 | 4 | 4 . oe apy: oe =, 4 Ce 
| Rc eee oe ‘ 
ie atiee 8 ; ; 


o3 chains Se aa bivow rstensx9 ‘notoxg sas 3 ‘toe? ond ant santangg® 
AS 4) tlh ND Cee a 


26 


occur when the anhydrous 3-alkylaminopropionitriles were heated, but 
when heated in the presence of water, appreciable reversal of cyano- 
ethylation to give free amines did occur. 

Taylor's group concluded that certain other compounds 
containing the required structure, i.e. a labile hydrogen atom attached 
to an atom which also has a free pair of electrons, should act as cata- 
lysts for cyanoethylation of sterically hindered amines. Of particular 
interest was the fact that the effectiveness of alcohols as catalysts 
decreased as the molecular complexity of the alcohol increased. That 
this decrease was not merely a concentration effect was shown by runs 
in which equimolar amounts of n-propyl-, isopropyl- and tert-butyl 
alcohols were used as catalysts. According to the proposed mechanism, 
this effect was the result of increasing difficulty in the alcohol 
approaching the intermediate to act as a proton transfer agent to 
complete the reaction. 

A comparison of the dielectric constants of compounds 
employed as catalysts failed to disclose any trend which might be 
affected by dielectric character. No other characteristics of the 
materials used as catalysts were found to be directly relatable to 
their catalytic activity. Thus, the proposed mechanism was considered 
to fit the facts more closely than any proposal based purely on solvent 
effects. 

Hughes (1960) found that methyl methacrylate did not react 
when refluxed with dry tert-butylamine, but gave 13.9% conversion to 


methyl 2-methyl-3-tert-butylaminopropionate (39) with 12% water added 
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to the reaction mixture. Also methyl crotonate was reacted with 3-cyclo- 
hexyl-3-aminopentane in the presence of 0.45 mol of water to give a 
good yield of ethyl-3-methy1l-4-aza-5-ethyl-5-cyclohexyl-heptanoate. The 
same reaction between the dry amine and the dry ester in which no water 
was added to the reaction mixture did not yield any appreciable quantity 
of the heptanoate. 

Montgomery and Hughes (1961) have treated tertiary carbin- 


amines of the type RR R“CNH where R, Rt and Ro were alkyl, cycloalkyl, 


Zz 
aryl, alkaryl and aralkyl radicals containing 1 to 12 carbon atoms, 

with esters and nitriles of lower a,f-unsaturated acids in the presence 
of water and an N,N-disubstituted amide solubilizer to yield the corres- 
ponding 3-aminonitriles and 3-aminoesters. Maximum yields were obtained 
with 3 - 10% water by weight of amine and a minimum amount of solu- 
bilizer which effected a homogeneous solution of the reactants and 
water. 


The mechanism of the Michael addition of primary amines to 


acrylates can be postulated (Pfau 1967) as illustrated: 
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0 
H \) 
RN: + CH Let = cca, » 
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H | 
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RN - CH, - CHR - C - OCH, 


Sanui and Ogata (1967) have 


examined the catalytic accelerating 


effect of active hydrogen compounds such as n-butyl alcohol, sec-butyl 


alcohol, tert-butyl alcohol, ethanol, water and n-butyl mercaptan on the 


rate of addition of n-butylamine to ethyl acrylate; the accelerating 


effect of the mercaptan was particularly large, the rate being 350 times 


as fast as in the absence of mercaptan. 


It was found by GLC of the 


reaction products that the amount of n-butylamine kept constant all 


through the reaction, showing that amine accelerates the addition of 


the mercaptan to ethyl acrylate. 


Even a small amount of n-butylamine 


accelerated the addition reaction very rapidly, showing that the 


mercapto group was more nucleophilic than amine. 


It has been observed by Howton (1945) that esters of acrylic 


acid exhibit a greater tendency to combine with primary and secondary 


amines than do the corresponding esters of methacrylic acid. 
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reacted with methyl acrylate to give methyl 3-phenylaminopropionate, 
while under the same conditions no reaction was obtained with methyl 
methacrylate; similarly di-n-butylamine could be added to ethyl acry- 
late but not to ethyl methacrylate. Pollard et al (1953) found methyl 
and ethyl methacrylates did not react with either l-phenylpiperazine or 
1-(2-methylphenyl)-piperazine under conditions which were successful 
with unsubstituted acrylate esters. 

The synthesis by Coutts et al (1969; 1971) of various methyl 
3-aminopropionates has already been mentioned. With two exceptions, 
these investigators found monoalkylamines and dialkylamines with 
unbranched alkyl chains reacted readily with methyl acrylate and methyl 
methacrylate in the absence of basic or acidic catalysts to give good 
yields of 3-aminoesters. The exceptions were di-n-propylamine and 
phenethylamine which reacted only slowly with methyl methacrylate. 
Attempts to react di-isopropylamine with methyl methacrylate in boiling 
methanol or n-butanol for lengthy periods of time were unsuccessful 
and only starting materials were recovered. These results were in 
agreement with the findings of Luskin et al (1956) but were in contrast 
with the claims of Suminov (1967) who reported the synthesis of methyl 
2-methyl-3-di-isopropylaminopropionate in 32.5% yield by boiling a 
mixture of di-isopropylamine and methyl methacrylate in methanol for 
24 hours. 

Suminov (1967) has also claimed a successful synthesis of 
methyl 2-methyl-3-(2,6-dimethylpiperidino)propionate (44) in 70% yield 


from methyl methacrylate and 2,6-dimethylpiperidine. Coutts' group were 
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unable to repeat this reaction using either the same or more vigorous 


conditions. 


CH, CH (CH, )COOCH., 


CH. 


(44) 


These investigators also found that when methyl methacrylate (2 mols) 
and 2,6-dimethylpiperazine (1 mol) were heated under reflux in metha- 
nol, the only product was methyl 2-methyl-3-(2,6-dimethyl-4-piperazinyl)- 


propionate (45), 


HC 


HN N\cH,CH (CH) coocH 


HC 


3) 


(45) 


due to steric hindrance preventing reaction at the nitrogen atom with 
two methyl groups on adjacent carbon atoms. 

According to Vystrcil and Hudeck (1950) when aliphatic amines 
were reacted with methyl methacrylate in an aqueous medium, a shift of 
the ester methyl group resulted in the formation of N-methyl substi- 


tuted betaines such as (46) 


a Les ee A A F, : 
ie i? : ™ a 
7 .! ahd 
' : 


SL 


CH.CH (CH. )COO 
(46) 


Coutts et al (1970) reacted methyl methacrylate with piperidine in the 
presence of water using the conditions described by Vystrcil and Hudeck 
(1950). The product was methyl 2-methyl-3-pipiridylpropionate, no 
betaine being obtained. 

The amino-amides of general structure (33) screened by 
Pacheo's group (1962) for antispasmodic activity were prepared by 
refluxing excess piperidine, pyrrolidine or morpholine with the appro- 


priate a,f-unsaturated amide: 


RNH + ri cH = CH, ,CONER* > RCHR” CH, CONHR® 


(33) 

Compared to the substantial volume of information relating to 
the Michael-type addition of amines across the double bond of the lower 
aliphatic esters of a,8-unsaturated acids, however, very little work 
has been reported concerning the addition of amines to o,f-unsaturated 
amides. Erickson (1952) has prepared several 3-dialkylaminopropion- 
amides (47) by the addition of secondary aliphatic amines to acryl- 


amide: 


R,NH ne CH, = CHCONH,, > R,NCH,CH.,CONH., 


(47) 
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Dimethylamine, dipropylamine, dibutylamine and morpholine were found 
to react readily in alcohol solution at room temperature giving good 
yields of the amino-amides. 

Suminov (1967) has studied the influence of various solvents 
and catalytic mixtures on the rate of addition of piperidine, hexa- 
methyleneimine, benzylamine, n-butylamine, hydrazine hydrate, 3,5,5- 
trimethylpyrazoline and 3,5-dimethylpyrazole to acrylamide to yield the 
corresponding 3-alkyl- and 3-dialkylaminopropionamides. Hexamethyl- 
leneimine, n-butylamine, and hydrazine hydrate were the most active 
while 3,5,5-trimethylpyrazoline and 3,5-dimethylpyrazole reacted only 
after prolonged boiling in water. The addition of amines to acryl- 
amide took place most easily in water, worst in alcohols whilst in 
aprotic solvents the reaction rate decreased. Proton donors such as 
ammonium chloride and boric acid increased the reaction rate of the 
addition of 3,5,5-trimethylpyrazoline to acrylamide, while the presence 
of sodium fluoride, potassium fluoride, sodium acetate and potassium 


acetate did not affect the addition. 
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AIMS AND OBJECTS 


It is evident from the preceding introduction that changes 
in the nature of the basic group R in compounds of general structure 


(10) and (11) can significantly affect their pharmacological activity. 


RCH, CHR*COOCH, HC1 RCH, CHR” CONHOH HCl 


(10) i i) 


Among the large number of structures of this type evaluated as hypo- 
tensive agents by Coutts and co-workers (1971) were a series of 
3-monoalkylaminopropionohydroxamic acids together with their methyl 


ester precursors: 
i) 3-Monoalkylaminopropionohydroxamic acids (Coutts et al 1971) 


RN'H. CHR CONHOH C17 


2 
(48) 
q 

Compound R R 

49 CH, 

50 CH CH, 

SL CH. (CH,). 

52 CH, (CH,). CH, 

53 CH, (CH,) 


54 CH, (CH), 
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ii) Methyl 3-monoalkylaminopropionates (Coutts et al 1971) 


RN'H CH CHR” COOCH, C1" 
(55) 
Compound R Re 
56 cH, 
57 CH,CH, 
58 cH, (CH,), 
59 CH, (CH,), CH, 
60 HED, 
61 CH, (CH). 


These investigators found that with the exception of 3-methylpropiono- 
hydroxamic acid hydrochloride (49) which caused a rise, all of these 
3-monoalkylaminopropionohydroxamic acid hydrochlorides produced a fall 
in the blood pressure of anaesthetized cats. 
in this respect was 3-hexylpropionohydroxamic acid hydrochloride (54) 
in terms of both the magnitude and the duration of its hypotensive 
effect. All the corresponding methyl 3-monoalkylaminopropionates 
possessed a hypotensive action save one, namely, methyl 3-propylamino- 
propionate hydrochloride (58) which produced a rise in the blood 


pressure. Once again, activity was found to be maximal when the alkyl 


The most active compound 
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chain of the amine part of the compound was hexyl, i.e. methyl 3-hexyl- 


aminopropionate hydrochloride (61). 
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The presence of a methyl substituent in the 2-position in 
2-methy1-3-propylaminopropionohydroxamic acid hydrochloride (52) was 
found to result in a decreased hypotensive activity of this compound as 
compared to its unbranched analogue, 3-propylaminopropionohydroxamic 
acid hydrochloride (51). An opposite effect of methyl substitution in 
the 2-position was observed however, in the dialkylamino compounds 
3-dimethylaminopropionohydroxamic acid hydrochloride (62) and 2-methyl- 
3-dimethylaminopropionohydroxamic acid hydrochloride (63) prepared in 


the same study. 


+ ~- 
(CH) N HCH, CH, CONHOH Cl 
(62) 
+ -_ 
(CH) .N HCH,CH (CH) CONHOH Gal 


(63) 


The branched compound (63) was more active than the unbranched analogue 
(62) particularly as regards the duration of its hypotensive effect. 
The same phenomenon was also observed with two other compounds synthe- 
sized during the course of this investigation, namely 3-piperidino- 
propionohydroxamic acid hydrochloride (64) and 2-methyl-3-piperidino- 


propionohydroxamic acid hydrochloride (65) 


N" CH, CH, CONHOH Cl 


(64) 
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The magnitude and duration of the fall in the blood pressure produced 


by the branched hydroxamic acid (65) was greater than that of the 


CF 


unbranched compound (64). 


extended series of 3-monoalkylaminopropionohydroxamic acids (48) both 


(65) 


N" HCH, CH (CH, ) CONHOH ere 


It was thought desirable, therefore, to investigate an 


é)/) 


to observe general structure-activity relationships and to identify the 


optimum chain length necessary for significant hypotensive activity. 


proposed: 


3-Monoalkylaminopropionohydroxamic acids 


Accordingly, investigation of the following structures was 


RN*H,CH,CHR-CONHOH C17 
(48) 
Compound R Re 
66 CH, CH, 
67 CH,CH, CH, 
68 CH. (CH). CH, 
69 CH, (CH), H 
70 Che (cHeyy cr 
71 CH, (CH,) . cH, 
72 CH, (CH) ¢ H 


Continued 
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3-Monoalkylaminopropionohydroxamic acids (Continued) 


Compound R ee 
13 CH, (CH, )¢ CH, 
74 CH, (CH). H 
1D CH. (CH,)- CH. 
oe 
a. ee 
= OS 
» O a4 


In the event, not all of these structures were prepared 
during the course of this work and numerous others were; the reasons 
for making them are discussed at appropriate points in the text. 

Finally, it was noted that Coe (1959) and Gilbert et al (1961) 
have prepared quaternary hydroxamic acids closely related to the 
structures proposed in this study and evaluated them as protectors of 
AChE from the inhibiting effects of organophosphates. Therefore, 
another aim of the work was to prepare potential antidotes for organo- 


phosphate poisoning. 
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CHAPTER 3 


SYNTHESIS OF 3-MONOALKYLAMINOPROP IONO- 


HYDROXAMIC ACIDS AND METHYL 
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SYNTHESIS OF 3-MONOALKYLAMINOPROP IONOHYDROXAMIC 
ACIDS AND METHYL 3-MONOALKYLAMINOPROPIONATES 


i) SYNTHESIS OF METHYL 3-MONOALKYLAMINOPROPIONATES 

In order to obtain 3-monoalkylaminopropionohydroxamic acids 
of general structure (48), it was necessary to synthesize various 
methyl 3-monoalkylaminopropionates (80). This was accomplished by the 
Michael addition of the appropriate primary amine to the double bond of 
methyl acrylate or methyl methacrylate: 


i 1 
CH, = CR COOCH., + RNH, = RNHCH, CHR COOCH 


(80) 


The following amino-ester precursors (80) were prepared 


during the course of the present work: 
Methyl 3-monoalkylaminopropionates 


RNHCH CHR*COOCH 


Z 3 
(80) 

1 

Compound R R 
81 CH. CH. 

82 CH,CH., CH, 

83 CH. (CH,) 5 CH, 

84 (CH,),CH H 

85 (CH) CH CH, 


Continued 


Methyl 3-monoalkylaminopropionates (Continued) 


Compound 


86 
87 
88 
89 
90 
ope 
92 


2) 


94 


95 
96 
97 


98 


99 


100 
101 
102 
103 
104 
105 
106 
107 


{ 


CH, (CH,) , 
CH,CH,CHCH, 
CH.CH,CHCH 


See, 3 
(CH,) ,C 
(CH) ,C 
CH, (CH, ) , 


CH. (CH,), 


(CH) ,CH(CH 


(CH) ,CH(CH 
CH, (CH,). 


fe oh 
9 


CH, (CH, )_ 

CH, (CH,) ¢ 

CH, (CH,) - 

CH. (CH..) 5 
(CH.,) ,CCH,C (CH 
(CH) ,CCH,C (CH 
CH, = CHCH 


Z 2 
CH, = CHCH., 


29 
29 


32 
32 
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Two sets of conditions were employed in the Michael addition 
of the appropriate amine to the double bond of methyl acrylate or 
methyl methacrylate. With the higher straight chain amines the conden- 
sation proceeded smoothly when the reactants were refluxed together in 
anhydrous methanol for a number of hours. In the case of the lower 
straight chain amines, branched amines and cyclic amines, the reactants 
were dissolved in anhydrous methanol and allowed to stand at room 
temperature for varying periods of time (Ziering et al 1947). 

The choice of methanol as a reaction solvent arose from 
several considerations. The information available, from several liter- 
ature sources, suggested that methanol might act catalytically in these 
reactions. Sanui and Ogata (1967) demonstrated a catalytic accelerating 
effect of certain active hydrogen compounds such as, n-butyl alcohol, 
sec-butyl alcohol, tert-butyl alcohol, ethanol, water and n-butyl 
mercaptan on the rate of addition of n-butylamine to ethyl acrylate. 
Sanui et al (1968) observed that in the addition of diamines to ethyl 
acrylate the rate in methanol solution was about 100 times as fast as 
in tetrahydrofuran solution. 

Taylor et al (1959) showed that the reversible cyanoethylation 
of tert-carbinamines with acrylonitrile was catalyzed by water or 
compounds having a labile hydrogen atom attached to an atom that also 
had a free pair of electrons. An excess of sterically unhindered amine 
was itself a catalyst for cyanoethylation. The catalytic accelerating 
effect of water on the reaction of sterically hindered tert-carbin- 


amines with esters of a,f-unsaturated acids has been demonstrated by 
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Hughes (1960) and Montgomery and Hughes (1961). In view of the findings 
of Bieber (1954) and Coutts et al (1971), however, concerning the ease 
with which 3-monoalkylaminopropionates form the corresponding amino 
acids in the presence of water, it was thought undesirable to employ 
water as a catalyst in these preparations. 

The mechanism of catalysis in these reactions may be the same 
as that proposed by Taylor et al (1959) for the cyanoethylation of tert- 
carbinamines, namely, an attack by an electron pair at the terminal 
carbon atom followed by a rate-determining proton transfer to complete 


the reaction: 


0 0 
H } Het atl 
1 Piiai yoy 
RN: + CH, = CR COCH, 2 RN'CH,CR COCH fast 
2 3 2 3 
H H 
0 0 
HW aherlenay wige H 1 
RNjCH CR COCH, 7 RNCH,CHR'COCH, slow 


ane ' 
| 
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Such a mechanism can explain why hindered amines undergo addition to 
the lower esters of a,f-unsaturated acids with much more difficulty 
than do unhindered amines (Luskin et al 1956; Hughes 1960). Unhindered 
amines should themselves catalyze reactions of this type by acting as 
proton transfer agents. In the case of highly hindered amines, however, 


steric hindrance around the amino group makes approach to the similarly 
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hindered intermediate difficult. 

Sanui and Ogata (1967) found the most effective of the three 
butyl alcohols in catalyzing the addition of n-butylamine to ethyl 
acrylate was the straight chain n-butyl alcohol. The most highly 
branched of the butyl alcohols, tert-butyl alcohol, was the least 
effective of the three, sec-butyl alcohol lying somewhere in between. 
This effect can be explained as the result of increasing difficulty in 
the alcohol approaching the intermediate to act as a proton transfer 
agent to complete the reaction. Taylor et al (1959) observed a similar 
decrease in the effectiveness of alcohols in the catalysis of the 
cyanoethylation of tert-butylamine as the molecular complexity of the 
alcohol increased. 

An important consideration taken into account in selecting 
methanol as a solvent for the reactions described in this thesis was 
the desirability of avoiding any possibility of ester exchange taking 
place. When ethyl acrylate and piperidine were boiled under reflux in 
methanol, instead of the expected ethyl 3-piperidinopropionate, the 
corresponding methyl ester (108) was obtained. A transesterification 
reaction apparently occurred under the conditions employed in this 
reaction. Baltzly et al (1949) have used this type of reaction in 
transforming methyl amino-ester hydrochlorides of general structure 
(19) into higher esters. However, it would appear that this pheno- 
menon is not always observed in reactions of this type. For example, 
Ganellin and Spickett (1965) have prepared methyl 2-methyl-3-benzyl- 


aminopropionate in 66% yield by heating a solution of benzylamine and 
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methyl methacrylate in ethanol for 6 hours. Casy et al (1968) synthe- 
sized methyl 2-methyl-3-allylaminopropionate by stirring a mixture of 
allylamine and methyl methacrylate in ethanol for 6 hours and then 
refluxing for 16 hours. Nevertheless, since ester exchange was observed 
when ethyl acrylate and piperidine were refluxed in ethanol, it was 
thought advisable to employ methanol as the solvent of choice in 
reactions involving methyl acrylate or methyl methacrylate. 

Using the procedures already outlined, the various methyl 
3-monoalkylaminopropionates were obtained in yields which ranged between 
22 and 70% of the theoretical. 

Of particular interest was the addition of sterically hindered 
tert-carbinamines to methyl acrylate and methyl methacrylate. When 
tert-butylamine and methyl acrylate were reacted for 6 weeks at room 
temperature, methyl 3-tert-butylaminopropionate (89) was obtained in 
56% yield. In the addition of n-butylamine to methyl methacrylate, 
methyl 2-methyl-3-n-butylaminopropionate (86) was obtained in 40% yield 
after 16 hours at room temperature. When tert-butylamine and methyl 
methacrylate were reacted for 6 weeks at room temperature, methyl 
2-methyl-3-tert-butylaminopropionate (88) was obtained in 42% yield. 

The steric hindrance offered by the bulky tert-butyl group in this 

case can be clearly seen by comparing the reaction times employed and 
the corresponding yields obtained. Luskin et al (1956) obtained yields 
of 58% and 26% respectively on refluxing n-butylamine and methyl 
methacrylate for 6 hours and tert-butylamine and methyl methacrylate 


for 48 hours. Hughes (1960) obtained a conversion of 13.9% by 
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refluxing tert-butylamine and methyl methacrylate together with 12% 
water for 6 hours. No reaction was observed when the synthesis was 
repeated using anhydrous reagents without a catalyst. In the addition 
of 1,1,3,3-tetramethylbutylamine to methyl methacrylate, methyl 2- 
methyl-3-(1,1,3,3-tetramethylbutylamino)propionate (105) was obtained 
in 32% yield after 7 weeks at room temperature. Luskin et al (1956) 
obtained a yield of 14% in the addition of 1,1,3,3-tetramethylbutylamine 
to methyl methacrylate by heating the reactants for 48 hours. The 
reaction of 1,1,3,3-tetramethylbutylamine with methyl acrylate gave 
methyl 3-(1,1,3,3-tetramethylbutylamino)propionate (104) in 57% yield 
after 7 weeks at room temperature, 

Under the reaction conditions employed in this study methanol 
appeared to be an effective catalyst in the addition of sterically 
hindered tert-carbinamines to methyl acrylate and methyl methacrylate. 
The yields obtained in the addition of sec-butylamine to both methyl 
acrylate and methyl methacrylate after / weeks at room temperature were 
only 38 and 39% respectively in spite of the long reaction period. In 
contrast, the yield in the addition of isopropylamine to methyl acry- 
late was 67% although in the addition of isopropylamine to methyl metha- 
crylate it was 44%. 

In most of the Michael addition reactions carried out during 
the synthesis of these amino-esters, the addition of a primary amine 
to methyl acrylate afforded a greater yield of the appropriate amino- 
ester than the corresponding addition to methyl methacrylate. In the 


mechanism previously postulated for the Michael addition of amines to 
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the double bond of methyl acrylate or methyl methacrylate, the presence 
of a B-methyl group in methyl methacrylate would be expected to offer 
increased steric resistance to the approach of a proton transfer agent 
compared to methyl acrylate, Since the concluding step is the rate- 
determining step, this will lead to a greater reactivity of methyl 
acrylate compared with methyl methacrylate. 

An attempt to prepare 1,4-bis(2-methoxycarbonylethyl)- 


ethylenediamine (109) by mixing appropriate amounts of diethylamine and 


H,COOC (CH 


3 NH (CH. ) .NH (CH 


(109) 


9) gC00CH, 


29 
methyl acrylate in methanol led only to the isolation of a viscous 

oil. The synthesis of this compound had been previously reported (Brit. 
Patent 1966). 

It has been shown by several workers that under certain 
conditions amides are the principle product of the reaction between 
amines and methyl acrylate or methyl methacrylate (Morsch 1933; 

Erickson 1952; Coutts 1971). During this present investigation the 
formation of amide by-products was observed during the synthesis of 
the various methyl 3-monoalkylaminopropionates. The amides, which 
were generally white solids, usually precipitated out when the metha- 
nol solvent was removed by rotary evaporation. The yields were always 
very small however, and no attempt was made to isolate any of these 


amides. 


The methyl 3-monoalkylaminopropionates were colorless mobile 
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oils with a characteristic odor. When they were stored for some time 
at room temperature, colorless crystalline solids were slowly deposited 
in many cases. Coutts et al (1971) identified products formed in this 
way as 3-amino acids and suggested they were the result of hydrolysis 
by trace quantities of water. According to Bieber (1954) 2-methyl-3- 
piperidinopropionate on long standing in moist air or on shaking with 
cold water gave the free acid. The methyl 3-monoalkylaminopropionates 
synthesized here, even when stored in a desiccator, underwent hydroly- 
sis to the corresponding 3-amino acids. No attempt was made to isolate 
or characterise any of the 3-amino acids so formed. 

The hydrochloride salts of the methyl 3-monoalkylamino- 
propionates were prepared by adding diethyl ether saturated with dry 
hydrogen chloride to a stirred solution of the appropriate amino-ester 
base dissolved in ether. The precipitated hydrochlorides were purified 
by recrystallization and were found to be appreciably hygroscopic in 
some cases. These salts were not noticeably unstable; none of the 
melting points was accompanied by decomposition. On the other hand, 
with some of these compounds, the odor of acrylic esters was notice- 
able when a sample tube containing one of these salts was opened. 

Several attempts to effect the methyl quaternization of 
methyl 2-methyl-3-piperidinopropionate were made using methyl iodide 
in different solvents such as methanol and acetone, all of which 
failed. It was concluded that this reaction was in some way sterically 
hindered, and it was therefore of interest to investigate quaternary 


salt formation in the corresponding straight chain compound methyl 
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3-piperidinopropionate (108) in order to establish if this hindrance to 
quaternization was in some way a property of the branched methyl group 
in the 2-position. When the free base and methyl todide were mixed 
together the reaction mixture became very hot and the methiodide was 


fsolated and characterized: 


CH 
3 
ak aan J, 
NCH.CH,COOCH. + CH.I > © +NCH,CH.COOCH, I. 
i peo) 3 3 \ Dao) 3 
s a4 (108) 


Apparently, the presence of branching in the 2-position was implicated 
in the resistance of 2-methyl-3-piperidinopropionate to quaternization. 
In view ef this finding it was decided to investigate the quater- 
nizatien ef 2-methyl-3-dimethylaminopropionate. The pharmacology of 
the methiodide (111) has been reported by Schueler and Keasling (1951) 
but ne reference to its synthesis could be found, Once again quater- 
nization teok place easily when the free base and methyl iodide were 
mixed together, the 2-methyl group offering no steric hindrance to 
quaternization, 

Reference to Drieding stereomodels revealed that steric 
clashing between the branched methyl group in the 2-position and a 
quaternary methyl group in methyl 2-methyl-3-piperidinopropionate or 
ene of the methyl groups on the quaternary nitrogen atom in methyl 
2-methyl-3-dimethylaminopropionate methiodide was possible. Possibly, 
methyl 2-methyl-3-piperidinopropionate adopts a conformation such that 


approach to the lone pair of electrons on nitrogen by methyl iodide is 
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hindered by the 2-methyl group. 
(ii) SYNTHESIS OF 2-METHYL-3-PIPERIDINOPROPIONAMIDE (112) 


It was thought that it might be of interest to investigate 
amino amides structurally similar to certain amino-esters and amino- 
hydroxamic acids previously reported by Coutts et al (1969). In this 
regard 2-methyl-3-piperidinopropionamide (112) was prepared by a reac- 
tion analogous to that of amines with acrylic esters, namely, the 


addition of piperidine to methacrylamide: 


\ NH + CH, = C(CH,)CONH,, aN NCH.C (CH, ) CONH., 


CLE) 


When the reactants were refluxed together in methanol, the addition of 
piperidine to methyl methacrylate afforded a good yield of 2-methyl- 
3-piperidinopropionamide (112). It was found that after storage at 
room temperature, 2-methyl-3-piperidinopropionamide began to show signs 
of decomposition; a persistent odor of piperidine was noticed over the 
distilled product. Erickson (1952) has commented on the decreased 
stability of 3-aminopropionamides when a 2-methyl group was present on 
the propionamide chain. This was shown by comparing the stability of 
N,N-dimethy1-3-dimethylaminopropionamide with N,N-dimethy1l-2-methyl-3- 
dimethylaminopropionamide; the latter compound was the less stable. 

The quaternary methiodide of 2-methyl-3-piperidinopropionamide 


(112) was synthesized quite easily by reacting the free base with methyl 
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lodide in acetone solution: 


cH, 
ae. A 


NCH,C (CH, )CONH $4GH # La -> +NCH.C (CH, ) CONH up 
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Methyl quaternization had a noticeable effect on the positions 
of certain absorption bands in the ir spectrum of 2-methyl-3-piperidino- 
propionamide, In the ir spectrum of a potassium bromide dispersion of 
the quaternary methiodide, the Amide I and Amide II bands shifted to 
higher wavenumbers relative to the free base: the elevation of the Amide 
II band was greater than that of the Amide I band. The vNH values of 
the free base both decreased on quaternization. The only explanation 
for this observation is that it is connected with differences in the 
crystal form of the free base and the methiodide. Nakanishi (19A2) has 
pointed out that solid ir spectra of amides are especially sensitive to 


crystal orientation. 


(iii) SYNTHESIS OF 3-MONOALKYLAMINOPROPIONOHYDROXAMIC ACIDS 

The 3-monoalkylaminopropionohydroxamic acids of general 
structure (48) prepared in this study were obtained by treating the 
appropriate methyl 3-monoalkylaminopropionate in anhydrous methanol 
with a solution of hydroxylamine hydrochloride in methanol (Coutts 


et al 1969; 1971): 


RNHCH CHR” COOCH , Se NH,OH CL RN" H.,CH CHR” CONHOH Cl + CH,OH 


(48) 
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Reactions were run with the object of obtaining highly purified compounds, 
rather than high yields. The yields obtained, however, have been 
reported. 

It was found that the 3-monoalkylaminopropionohydroxamic acid 
hydrochlorides prepared by this method were invariably contaminated by 
varying amounts of the hydrochloride salts of the 3-monoalkylaminopropio- 
nate precursors, even when the reaction times were prolonged. Accordingly, 
several recrystallizations were frequently required in order to obtain 
the amino hydroxamic acids in a pure state. Another difficulty encoun- 
tered with some of these compounds was that they were often quite hygro- 
scopic. It was therefore found necessary to employ anhydrous solvents 
during recrystallization. 

The following 3-monoalkylaminopropionohydroxamic acids (48) 


were synthesized during this study: 


3-Monoalkylaminopropionohydroxamic acid hydrochlorides 


RN*H, CH,CHR’ CONHOH Cia 
(48) 
1 
Compound R R 

113 CH, CH, 
T14 cH,CH, CH, 
115 CH, (CH,), CH. 
116 CH, (CH) , CH, 
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3-Monoalkylaminopropionohydroxamic acid hydrochlorides (Continued) 


Compound R Rt 
dE (CH) 4C H 
118 (CH,) ,C CH. 
dig CH, (CH,) CH, 


7a RY 
in! | CH. 


129 CH, (CH). CH, 
123 ( H 
wee 

124 ‘ y CH, 
125 CH, (CH) ¢ CH, 
126 CH, (CH,) 7 

128 (CH,) ,CCH,C(CH,), H 
129 (CH) ,CCH,C(CH,), CH, 
131 CH, = CHCH, CH, 


The 3-monoalkylaminopropionohydroxamic acid hydrochlorides 
were all colorless solids which melted with decomposition. Their ir 
spectra all showed a strong absorption band due to the stretching of 
the carbonyl group between 1630 and 1678 om, 


Interestingly, the effect of a large bulky group on the amino 


a 


“hcianea) ae rs io loos 


a's BD) ,HO emu 


oH 
. 2 : “DD asf 
vo cle We #09, + A) Bt | 
4 2 git 0, #05 10). ee 
gy j goo 7) ~ ah iL 
ay : kan ne ‘ mf 


: esbrrofligorhya Bip s starotonogontoatanttvone-t sit 
ti whedT "sofa baognote dake en oa as ee 
 % gitiovsute gad a3 su band sk 


% ie 


oidaas oft oo ‘ovo vty ys 


54 


nitrogen atom in 3-cyclopentylaminopropionohydroxamic acid hydrochloride 
(120), 3-cyclohexylaminopropionohydroxamic acid hydrochloride (123) and 
3-(1,1,3,3-tetramethylbutylamino) propionohydroxamic acid hydrochloride 
(128) was to lower the vC = 0 wavenumbers in comparison with the other 
compounds in the series. Conversely, the introduction of a branched 
methyl group on carbon 2 to give the corresponding branched chain 
compounds 2-methyl-3-cyclopentylaminopropionohydroxamic acid hydro- 
chloride (121), 2-methy1l-3-cyclohexylaminopropionohydroxamic acid hydro- 
chloride (124) and 2-methyl-3-(1,1,3,3-tetramethylbutylamino) propiono- 
hydroxamic acid hydrochloride (129) shifted the vC = 0 values to a higher 
frequency. 

The nmr characteristics of several of the 3-monoalkylamino- 


propionohydroxamic acid hydrochlorides were examined in DMSO-d All 


6° 
displayed a 4-proton very broad signal in the range 6 8.13 - 11.12 ppm 


which collapsed after the addition of a drop of D,0. This was attri- 


Zz 
buted to the two protons of the NHOH group and the two protons of the 
NH, group. Coutts et al (1971) have examined acyclic hydroxamic acids 
of general structure (31) in DMSO-d. Three characteristic l-proton 
broad signals within the 6 8.33 - 11.66 ppm range were observed, all of 
which exchanged in D,0. One of these signals was located between 6 8.68 
and 9.0 ppm and another between 6 10.05 and 10.58 ppm. These were due 
to the two protons of the NHOH group. The third signal was observed in 
all spectra between 6 10.75 and 11.05 ppm and was ascribed to the NH 


proton; this signal was absent when the spectra of bases rather than 


hydrochlorides were examined. 


= mh: 
Soom et Scampi 


haa 


é 
-orbyi bios otasxorbydonotgex | 
cozbyd isn stumeoxbedonokqosgentas 

| ~onatqorq (oatmelysudtiseme339a~£ bel ale ae 
tefigtd 5 of asulav O'= ov add betttde a saci bios jsaualaedle 7 7 
‘ef a : | yonsppest : 
‘i -ontmaiyiteonoat @id Yo Leteved) 36 ebt2arre220cado me sat F 
ia .yo-~OeMG SE bontmexe si0w esblroldsezbyd bhos otasxorbytotolgoxg ae 
ba $f,if ~ €1,8 3 sgist odd ot ieughe baord y15v notomq~) 8 bayatende te 
+bvtde eae att ‘Oe 30 qoxb 8 2o aotitbbs edz 1a3is beaqalles dokdw ~ | 


oda Yo ecoaeaq ew? ef bas quoxg HOHM ad ‘to eaotoxq ow? oft 03 baud | 
shios ofa: sidmeie oe serene Sn 4s 39 e330) =. quotg ae alae 
aout , ogb-08Ma at (LE) steiourie -isrensg 39 
| x mae te ae b wht abdstw eisogte a | 


; ; j al 


Gas _ ¥ : : * - a 4 ; 7 > 
Aa % 7 i | 
i at @ ; 7 at 
- 7 : 
ia , 


CHAPTER 4 


PHARMACOLOGICAL EVALUATION OF 3-MONOALKYLAMINOPROP IONOHYDROXAMIC 


ACIDS AND METHYL 3-MONOALKYLAMINOPROPIONATES 
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PHARMACOLOGICAL EVALUATION 3-MONOALKYLAMINOPROP IONOHYDROXAMIC 


ACIDS AND METHYL 3-MONOALKYLAMINOPROPIONATES 


(i) PRELIMINARY STUDIES ON THE BLOOD PRESSURE OF ANAESTHETIZED RATS 
The effect of intravenous administration of a number of 

compounds on the blood pressure of anaesthetized rats was investigated. 

Each compound was tested at least twice in separate animals. The data 


obtained are shown in Tables 1, 2, and 3. 


TABLE 1 


EFFECT OF 3-MONOALKYLAMINOPROPIONOHYDROXAMIC ACID HYDROCHLORIDES 
ON ARTERIAL BLOOD PRESSURE OF THE ANAESTHETIZED RAT 


COMPOUND NUMBER OF AVERAGE AVERAGE 


NUMBER IN DOSE DETERMINATIONS PERCENTAGE DURATION 
TEXT ng/kg IN SEPARATE FALL IN MIN 
ANIMALS BLOOD PRESSURE 

113 1 3 = = 
2 3 = 2 
4 4 = 2 
114 1 1 = = 
2 i = = 
4 2 z 2 
115 1 2 2 4 
2 2 = - 
4 2 as a 
116 it 2 = z 
2 L | = 
4 2 Z = 
ja, 1 2 = = 
2 2 = = 
4 3 - = 
118 1 2 3 . 
2 2 “ ™ 
4 2 = : 
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TABLE 1 (Continued) 


COMPOUND NUMBER OF AVERAGE AVERAGE 


NUMBER EN-- DOSE DETERMINATIONS PERCENTAGE DURATION 
TEXT mg/kg IN SEPARATE FALL IN MIN 
ANIMALS BLOOD PRESSURE 
jk) ia = 


iL 2 

2 2 

4 2 
120 L Z = - 
2 2 - - 
4 Zz - ~ 
la | 1 3 ~ = 
2 3 - - 
4 e) - - 
122 iL 2 ~ ~ 
2 2 ~ ~ 
4 2 ~ - 
123 1 Z = 20 
2 Z - ~ 
4 Z - - 
124 L 2 - - 
2 2 = - 
4 Z - - 
125 1 2 8 2 
Z Z 14 3 
4 z 26 3} 
126 ak 5 an 3 
2 | 17 4 
4 oS) 24 2) 
128 L 2 ~ - 
Z 2 ~ ~ 
4 2 - - 
129 1 Zz - - 
2 2 - - 
4 Zz - - 
c he 1 2 - - 
Z Js - - 
4 2 - - 
N.B. In the table, a dash denotes inactivity of a compound at the 


dose level shown. 
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TABLE 2 


EFFECT OF METHYL 3-MONOALKYLAMINOPROPIONATE HYDROCHLORIDES ON 


ARTERIAL BLOOD PRESSURE OF THE ANAESTHETIZED RAT 


COMPOUND NUMBER OF AVERAGE AVERAGE 
NUMBER. IN DOSE DETERMINATIONS PERCENTAGE DURATION 
TEXT mg/kg IN SEPARATE FALL IN MIN 
ANIMALS BLOOD PRESSURE 

84 ah 2 a be 
2 2 = = 
4 2 = af 
85 1 2 2 e 
2 2 : 2 
4 2 2 é 
87 il 2 = = 
2 2 = = 
4 2 x = 
88 1 3 - - 
2 3 s = 
4 2 = es 
91 1 3 15 3 
2 3 13 7 
4 3 13 6 
95 1 2 = 2 
2 2 = 2 
4 2 as a 
96 1 2 9 1 
2 2 11 1 
4 2 7 2 
100 1 2 7 2 
2 2 10 3 
4 2 14 7 
103 1 3 13 6 
2 2 26 7 
4 2 52 to 
106 1 2 8 Ai 
2 2 11 1 
4 2 14 1 


N.B. 


In the table, a dash denotes inactivity of a compound at the 
dose level shown. 
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TABLE 3 


EFFECT OF 2-METHYL-3-PIPERIDINOPROPIONAMIDE METHIODIDE (112) ON 
ARTERIAL BLOOD PRESSURE OF THE ANAESTHETIZED RAT 


DOSE NUMBER OF AVERAGE AVERAGE 
ng/kg DETERMINATIONS PERCENTAGE DURATION 
IN SEPARATE FALL IN MIN 
ANIMALS BLOOD PRESSURE 
a8 3 = = 
2 3 = = 
4 2 - = 


N.B. In the table, a dash denotes inactivity of the 
compound at the dose level shown. 
(ii) EFFECT ON THE BLOOD PRESSURE OF HYOSCINE-TREATED RATS 

To determine if the ability of the active compounds to lower 
blood pressure was due to a muscarinic action, the effect of intra- 
venous administration of each drug on the blood pressure of at least 
two hyoscine-treated rats was determined. ACh (0.04 ug) was given, 
followed by a suitable dose of the compound under investigation. Hyos- 
cine hydrobromide (1 mg) was then administered and the procedure 
repeated. 

Only one compound, methyl 3-allylaminopropionate hydro- 
chloride (106) displayed muscarinic activity. Four experiments were 
carried out and in each one the fall in blood pressure produced by 
amino-ester (106) was blocked by hyoscine. 

The fall in blood pressure produced by 2-methyl-3-octyl- 
aminopropionate hydrochloride (103) (4 mg/kg) was not blocked in the 


presence of hyoscine, although hyoscine blocked the effects of ACh 
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completely. Two experiments were performed and one of the traces is 

shown in Fig. l. 

It was decided to carry out further experiments in order to 
Sain more information concerning the mechanism of methyl 2-methyl-3- 
octylaminopropionate hydrochloride-induced hypotension. 

(iii) EFFECT OF NICOTINE AND NOREPINEPHRINE ON THE BLOOD PRESSURE OF 
RATS TREATED WITH METHYL 2-METHYL-3-OCTYLAMINOPROPIONATE HYDRO- 
CHLORIDE (103) 

Four experiments were performed in which the effects of nico- 
tine and norepinephrine on the blood pressure of rats treated with methyl 
2-methyl-3-octylaminopropionate hydrochloride (103) was investigated. 

A rise in the blood pressure of the rat was produced by giving nico- 

tine (20 pg); three doses of norepinephrine (0.1, 0.2 and 0.4 pg) were 

then administered. The rats were injected with amino-ester (103) (4 mg/ 
kg) and the procedure repeated. It was found in all four experiments 
that the nicotine-induced rise in blood pressure was completely blocked 
in the presence of amino-ester (103) while the pressor response to 
norepinephrine was only slightly lowered. Fig. 2 is representative of 


the results observed in all four experiments. 


(iv) ISOLATED RABBIT INTESTINE EXPERIMENTS 

In order to distinguish between ganglionic blocking activity 
and a possible adrenergic neurone blocking action in amino-ester (103), 
the isolated rabbit intestine preparation as described by Finkleman 
(1930) was used, This showed high spontaneous activity. Either stim- 


ulation of the sympathetic nerves, or the addition of norepinephrine, 
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caused the spontaneous contractions to cease and the whole muscle to 
relax. Conversely, the addition of either nicotine or ACh caused the 
muscle to contract. 

In two experiments it was found that in the presence of a 
suitable concentration of amino-ester (103) the effect of nicotine was 
completely blocked whereas it had no effect on sympathetic nerve stim- 
ulation or on the action of norepinephrine. The amino-ester (103) was 
ineffective in preventing ACh-induced contractions of the isolated 


rabbit intestine. Fig. 3 shows one of the traces obtained. 


(v) DETERMINATION OF THE EFFECTIVENESS OF 3-MONOALKYLAMINOPROPIONO- 
HYDROXAMIC ACID HYDROCHLORIDES IN PROTECTING MICE AGAINST LETHAL 
ORGANOPHOSPHATE POISONING | 

The effectiveness of various 3-monoalkylaminopropionohydrox- 
amic acid hydrochlorides, given sc, in protecting against a 5 mg/kg dose 
of DFP, given ip, in male Alas strain mice was investigated. 

The LD. of the DFP in these mice was determined from the 


results shown inTable4 obtained by Dr. D.F. Biggs of the Faculty of 


Pharmacy and Pharmaceutical Sciences, University of Alberta. 


TABLE 4 


DETERMINATION OF THE LD<o OF DFP 


IN MALE ALAS STRAIN MICE 


DOSE NUMBER NUMBER 
ng/kg DEAD ALIVE 
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The doses given (mg/kg) were plotted against percentage morta- 
lity on logarithmic probability paper and the upper and lower confid- 
ence limits for 19/20 probability determined by the method of Litchfield 


and Wilcoxon (1949). The LD., was found, tor be 2.38 (2.09) to 2.71) ma/Ke. 


Each compound was screened once at a dose of 200 mg/kg in 


groups of three mice. The results obtained are shown in Table 5. 


TABLE 5 
EFFECTIVENESS OF 3-MONOALKYLAMINOPROPIONOHYDROXAMIC ACID HYDRO- 


CHLORIDES” AGAINST pFP> TOXICITY IN MICE 


COMPOUND NUMBER NUMBER NUMBER 
IN TEXT - DEAD ALIVE 


LL3 
114 
Lg) 
116 
Ly 
118 
119 
120 
P21 
a2 
123 
P24 
125 
126 
127 
128 
129 
Control© 
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@ Given sc (200 mg/kg) 30 minutes 
before the DFP. 
u Given ip (5 mg/kg). 


: 0.2 ml of distilled water. 
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The mice generally died within five minutes; a few succumbed after one 
hour and the remaining two animals were still alive after one day's 
observation. These survivors had been injected with 2-methyl-3-pentyl- 
aminopropionohydroxamic acid hydrochloride (119) and 3-(1,1,3,3-tetra- 
methylbutylamino)propionohydroxamic acid hydrochloride (127) respec- 
tively. It was decided to investigate these two compounds further 


using larger doses. The results are shown in Table 6. 


TABLE 6 


EFFECTIVENESS OF 2-METHYL-3-PENTYLAMINOPROPIONOHYDROXAMIC ACID HYDRO- 


CHLORIDE (119)* AND 3-(1,1,3,3-TETRAMETHYLBUTYLAMINOPROP IONOHYDRO- 


KAMIC ACID HYDROCHLORIDE (127)° AGAINST DEP” TOXICITY IN MICE 


COMPOUND NUMBER DOSE NUMBER NUMBER 
IN TEXT ng/kg DEAD ALIVE 

119 200 3 = 

400 3 ~ 

127 200 1 2 

400 1 2 

Control® 3 ~ 


- Given sc 30 minutes before the DFP. 
Z Given ip (5 mg/kg). 


© 0.2 ml of distilled water. 


These results suggested that 3-(1,1,3,3-tetramethylbutyl- 
amino)propionohydroxamic acid hydrochloride (127) was effective in 
protecting mice against the toxic effects of DFP. Accordingly, further 


studies were undertaken in which various doses of this compound were 
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administered to mice followed by a 5 mg/kg dose of DFP. Table 7 shows 


the data obtained. 


TABLE 7 
EFFECTIVENESS OF VARIOUS DOSES OF 3-(1,1,3,3-TETRAMETHYLBUTYLAMINO) — 
PROPIONOHYDROXAMIC ACID HYDROCHLORIDE (127)? AGAINST 


pFp> TOXICITY IN MICE 


DOSE NUMBER NUMBER 
(mg/kg) DEAD ALIVE 
50 9 rf 
100 10 - 
200 10 - 
400 9 af 
Control° 9 i 


E Given sc 20 minutes before the 
DFP. 


E Given ip (5 mg/kg). 


: 0.2 ml of distilled water. 


Contrary to the earlier results 3-(1,1,3,3-tetramethylbutylamino)- 
propionohydroxamic acid hydrochloride was ineffective in protecting mice 


from the lethal effects of DFP. 
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CHAPTER 5 


DISCUSSION OF THE PHARMACOLOGY OF 3-MONOALKYLAMINOPROP IONOHYDROXAMIC 


ACIDS AND METHYL 3-MONOALKYLAMINOPROPIONATES 
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DISCUSSION OF THE PHARMACOLOGY OF 3-MONOALKYLAMINOPROPLONOHYDROXAMIC 
ACIDS AND METHYL 3-MONOALKYLAMINOPROPIONATES 


(i) EFFECT OF 3-MONOALKYLAMINOPROPIONOHYDROXAMIC ACIDS ON ARTERIAL 
BLOOD PRESSURE OF THE ANAESTHETIZED RAT 


The pharmacological results obtained for the 3-monoalkylamino- 
propionohydroxamic acids evaluated are given in Table 1. Each struc- 
tural type will now be briefly discussed. 

The following 3-monoalkylaminopropionohydroxamic acids of 


general structure (48) where R was a straight alkyl chain were examined: 


i) 3-Monoalkylaminopropionohydroxamic acids 


RN'H cur! 


CHR CONHOH C1- 
(48) 

Compound R Rt 
AAR) CH, CH, 
114 CH,CH, CH, 
Jab CH,(CH,), CH, 
ET6 CH, (CH,) , CH, 
By) CH, (CH), CH, 
ial CH, (CH.). CH, 
T25 CH, (CH,) ¢ CH, 
126 CH, (CH), H 
Lhe ak CH, = CHCH,, CH, 


Coutts' group (1971) studied several of the corresponding 


1 
compounds of general structure (48) where R’ was a hydrogen atom: 
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3-Monoalkylaminopropionohydroxamic acids (Coutts et ral 1971) 


RNTH cHR* 


5 CONHOH C1~ 
(48) 

il 

Compound R R 
49 CH, H 

50 CH,CH, H 

Sili CH, (CH,). H 

53 CH, (CH,) 4 H 

54 CH, (CH,). H 


These investigators found that with the exception of 3-methylpropiono- 
hydroxamic acid hydrochloride (49), which caused a rise, all of these 
compounds produced a fall in blood pressure of the anaesthetized cat. 
The introduction of a methyl group on carbon 2 in 3-ethyl- 
aminopropionohydroxamic acid hydrochloride (50), 3-propylaminopropiono- 
hydroxamic acid hydrochloride (51), 3-butylaminopropionohydroxamic acid 
hydrochloride (53) and 3-hexylaminopropionohydroxamic acid hydro- 
chloride (54) to give the corresponding branched chain compounds (114, 
115, 116 and 122) resulted in a complete loss of hypotensive activity. 
2-Methyl-3-propylaminopropionohydroxamic acid hydrochloride (115) was 
found by Coutts et al (1971) to cause a fall in blood pressure of the 
anaesthetized cat, although both the intensity and duration of this fall 
were less than that of its straight chain analogue 3-propylaminopropiono- 


hydroxamic acid hydrochloride (51). This compound, however, was 


Al Li et ALN: ne 
(i i? ive | 
Ni Mesh 

a in Py Bn a \\ne, 9 

Th 2% : 0 inn oe " Ll i A 
v, . ya : om ' Ae “ 


% i Po 
1 
Ja cs es bile 


‘ 
ry | 


eh eRe a | Uae 


; * 
My eee ova, ; DAC es See 


Dit ‘he 


my ais Jia igh ie pea _ 


-anatgoagtyieost “te dsnnce ws abn auto bao? sxctigioninil per 7 
sesda to Its esis 8 beeuas datiw 4(@) sbtvoldsoxbyt btoa otemxoxba ie 
st89 bsxttodtesens onlt 0 s1ueeesg boald art Iisi s beouborg abaueqaos a 7 "I 
~Iydte-€ mt $ modvas"no quozg’ Syed a 39 nokIsubex301 at Ee 
-onokqouqomtasugonq~€ (02) ebtroldioosbyd bios otmsorbylonotjosqontan | ; i 
bioe cs ameoabglanehgosgerbaatysudoe 2) ragleon cane btos emanated 3 m8 oe 
~owbed bho 2) xoxbyione! gory yest baw (C2) bt xotdbeabyd if 
anny abavogmes diddsdelorsstipatianlininn oda ewig or (42) sbirolis Bor 
“ivisos sensi. aes x ak beatoaer (SSI. bas att Ba.5 
eew (261) pmo kqerqor kms canbeae | a i 
nds Yo anogeng 8 <oneore ge 


a bs 
{isi stds te sotsesvb 


68 


inactive in the anaesthetized rat, a fact in accord with the observed 
inactivity of other lower 2-methyl-3-monoalkylaminopropionohydroxamic 
acid hydrochlorides (114, 116 and 119). 

The addition of a methyl group in the 2-position to 3-methyl- 
aminopropionohydroxamic acid hydrochloride (49) giving the branched 
analogue (113) abolished the pressor activity observed by Coutts and 
his co-workers in the straight chain compound. 

2-Methyl1-3-pentylaminopropionohydroxamic acid hydrochloride 
(119) was inactive, but since the unbranched analogue was not to hand, 
no conclusions could be drawn regarding the possible inactivating role 
of the 2-methyl group in this compound. 

In 2-methyl-3-heptylaminopropionohydroxamic acid hydro- 
chloride (125) a significant change was observed in the inactivating 
effect of a methyl group in the 2-position. Table 1 shows that this 
compound caused a fall in blood pressure which was dose dependent. 
Apparently, when the alkyl chain of the amine part of the molecule is 
longer than n-hexyl, a methyl group in the 2-position no longer comple- 
tely inactivates the molecule. 

3-Octylaminopropionohydroxamic acid hydrochloride (126) also 
produced a fall in blood pressure in the anaesthetized rat which was 
not dose dependent (Table 1). Unfortunately, the branched analogue 
2-methy1-3-octylaminopropionohydroxamic acid hydrochloride (127) could 
not be prepared so that the effect of having a 2-methyl function in 
the molecule could not be tested. 


The unsaturated compound 2-methyl-3-allylaminopropionohydroxamic 
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acid hydrochloride (131), like its saturated analogue 2-methyl-3-propyl- 
aminopropionohydroxamic acid hydrochloride (115) was inactive. The 
straight chain compound 3-allylaminopropionohydroxamic acid hydro- 
chloride (130) could not be crystallized so this compound could not be 
compared with its saturated analogue 3-propylaminopropionohydroxamic 
acid hydrochloride (51) (Coutts et al 1971). 

It was decided to study further examples of 3-monoalkyl- 
aminopropionohydroxamic acids of general structure (48) to extend 
knowledge of general structure-activity relationships of these compounds. 
The following compounds of general structure (48) where R was a highly 


branched group were evaluated pharmacologically: 


ii) 3-Monoalkylaminopropionohydroxamic acids 


RN H,CH,CHR” CONHOH C1 
(48) 

1 

Compound R R 

LL (CH,) 3° H 
118 (CH) 4C CH, 

128 (CH) ,CCH.C(CH,), H 
131 (CH) 3CCH,C (CH) . CH, 


3-tert-Butylaminopropionohydroxamic acid hydrochloride (117), 3-(1,1,- 
3,3-tetramethylbutylamino)propionohydroxamic acid hydrochloride (128) 


and the branched analogues (118) and (131) were all inactive. Hence, 
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presence of a bulky highly branched group attached to the amino nitrogen 
atom was not conducive to hypotensive activity. 

Attention was then focused on 3-monoalkylaminopropionohydrox- 
amic acids (48) where the group R was cyclic and the following compounds 


were studied: 


GE) 3-Monoalkylaminopropionohydroxamic acids 


RN*H.CH.CHR* 


oCH, CONHOH Cl 
(48) 
il 
Compound R R 
120 > H 
We |) CH, 
123 ( Hl 


The pharmacological data obtained are given in Table 1; 3-cyclopentyl- 
aminopropionohydroxamic acid hydrochloride (120), 3-cyclohexylamino- 


propionohydroxamic acid hydrochloride (123) and the branched chain 
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analogues (121) and (124) all proved inactive. 

The most important deduction to emerge from the pharmacol- 
ogical data is that in aminohydroxamic acids of general structure (48) 
the nature of the group R is highly critical. The introduction of a 
methyl group Re can inactivate the molecule, depending on the chain 
length of the group R. In compounds where R is a straight chain and a 
is a hydrogen atom, in the absence of any data concerning those compounds 
where R is n-pentyl or n-heptyl, n-hexyl appears to be the optimum chain 


length necessary for significant hypotensive activity (Coutts et al 1971). 


(ii) EFFECT OF METHYL 3-MONOALKYLAMINOPROPIONATES ON ARTERIAL BLOOD 
PRESSURE OF THE ANAESTHETIZED RAT 


The pharmacological data for the methyl 3-monoalkylamino- 
propionates are given in Table 2. 
The following methyl 3-monoalkylaminopropionates of general 


structure (55) where R was an unbranched alkyl group were investigated: 


i) Methyl 3-monoalkylaminopropionates 


+ 1 = 
RN HCH. CHR COOCH., Cl 
5) 

1 
Compound ie R 
hil CH, (CH), H 
101 CH, (CH) H 
103 CH, (CH), CH, 
106 CH, = CHCH H 
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Methyl 3-pentylaminopropionate hydrochloride (91) was found 
to lower the blood pressure (Table 2); this blood pressure lowering 
was not dose dependent. Methyl 3-heptylaminopropionate hydrochloride 
(101) also caused a fall in blood pressure which was not dose dependent. 

The most active compound in causing a fall in blood pressure 
of any of the compounds examined was methyl 2-methyl-3-octylamino- 
propionate hydrochloride (103). The relevant data in Table 5 shows 
this fall in blood pressure was dose dependent. The compound produced 
a maximum fall in blood pressure immediately after injection. 

The possibility of amino-ester (103) having muscarinic activ- 
ity was ruled out because the fall in blood pressure produced by this 
compound in the anaesthetized rat was not blocked by hyoscine, whereas 
that produced by ACh was (Fig. 1). However, it did block a nicotine- 
induced rise in blood pressure while the pressor response to norepin- 
ephrine was only slightly lowered (Fig. 2). These observations sugges- 
ted two possible mechanisms of action for methyl 2-methyl-3-octyl- 
aminopropionate hydrochloride; either a ganglion blocking action or an 
adrenergic neurone blocking action. A consideration of structure- 
activity relationships amongst adrenergic neurone blocking drugs 
suggested that a ganglionic blocking action was the more likely. The 
slight lowering of the pressor response to norepinephrine indicated 
that amino-ester (103) might also possess extremely weak sympatholytic 
activity. This was not sufficient, however, to account for the fall 
in blood pressure produced by this compound, 


The suspicion that amino-ester (103) might be causing a fall 
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in blood pressure by ganglionic blockade rather than adrenergic neurone 
blockade was confirmed by the results obtained in isolated rabbit 
intestine experiments (Fig. 3). It completely blocked the stimulant 
action of nicotine on the parasympathetic ganglia, while the responses 
of the gut to sympathetic nerve stimulation and norepinephrine were 
unaffected. There was no effect on the response of the gut to ACh, 
ruling out any possibility of amino-ester (103) antagonising the action 
of ACh at the postganglionic cholinergic receptor. 

These results indicate that 2-methyl-3-octylaminopropionate 
hydrochloride (103) blocks sympathetic and parasympathetic ganglia. 

Methyl 3-allylaminopropionate hydrochloride (106) was found 
to possess weak muscarinic activity. It can be regarded as being 
derived from the reversed carboxyl analogue of ACh by replacement of 
two of the methyl groups attached to the onium atom by hydrogen atoms, 
and replacement of the third methyl group by an allyl group. The 
reversed carboxyl analogue of ACh has been shown to possess appreciable 
muscarinic activity (Bass et al 1950; Barrasset al 1968) so the 
muscarinic activity observed in methyl 3-allylaminopropionate hydro- 
chloride is not unexpected. 

A comparison of methyl 3-allylaminopropionate hydrochloride 
(106) with its saturated analogue methyl 3-propylaminopropionate hydro- 
chloride (58) is interesting. 


+ - 
CH, = CHCH,N H,CH,CH,COOCH., C1 


(106) 
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CH. CH,CH,N*H.CH.CH,COOCH, C1™ 


3 


7 


2a 
(58) 


The latter compound has been shown to cause a rise in blood pressure in 


the anaesthetized cat (Coutts et al 1971). 


The substitution of an allyl 


group for a propyl group in amino-ester (58) appears to profoundly 


affect the activity of the molecule. 


Several amino-esters of general structure (55) where the 


alkyl chain R was branched were also studied: 


ii) Methyl 3-monoalkylaminopropionates 


Compound 


84 
85 
87 
88 
25 
96 


RN’ HCH CHR 


2 
2 
(55) 


R 


(CH,),CH 
(CH,),CH 
CH,CH.CHCH., 


CH,CH,CHCH. 


(CH.,) ,CH(CH 


(CH,),CH (CH 


COOCH.-C1u 


Ss 


20 
2)2 


Table 2 shows that one compound, 2-methyl-3-isopentylaminopropionate 


hydrochloride (96) had weak hypotensive activity; the rest were 


inactive. 


Several related compounds of general structure (55) where 
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R was an unbranched alkyl chain were evaluated by Coutts et al (1971): 


Methyl 3-monoalkylaminopropionates (Coutts etue lad oe 1) 


+ a - 
RN H,CH,CHR COOCH,, Cl 
(55) 
iL 
Compound R R 
5 CH,CH, H 
58 CH, (CH), He 
60 CH, (CH,) 4 H 


All these amino-esters possessed hypotensive activity, whereas the 
corresponding compounds with the branched methyl group on the alkyl 
chain R, methyl 3-isopropylaminopropionate hydrochloride (84), methyl 
3-sec-butylaminopropionate hydrochloride (87) and methyl 3-isopentyl- 
aminopropionate hydrochloride (95) were inactive. Evidently, the 
introduction of a branched methyl group onto the alkyl chain R inac- 
tivates the molecule. The actual position of this methyl group does 
not appear to be important; in amino-ester (87) it was adjacent to the 
amino nitrogen atom; in amino-ester (95) it was adjacent to the terminal 
carbon atom of the alkyl chain. 

2-Methy1-3-isopropylaminopropionate hydrochloride (107) and 
2-methy1-3-sec-butylaminopropionate hydrochloride (110) were both 


inactive. Interestingly, 2-methyl-3-isopentylaminopropionate 
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hydrochloride (95) was active. The analogous straight chain compound 
methyl 3-butylaminopropionate hydrochloride (60) possessed hypotensive 
activity, but the compound with a branched methyl group on the alkyl 
chain R, methyl 3-isopentylaminopropionate hydrochloride (95) did not. 
When a branched methyl group was introduced into the 2-position, however, 


the molecule once again possessed hypotensive activity. 


(iii) EFFECT OF 2-METHYL-3-PIPERIDINOPROPIONAMIDE METHIODIDE (112) ON 
ARTERIAL BLOOD PRESSURE OF THE ANAESTHETIZED RAT 


Table 3 shows that 2-methyl-3-piperidinopropionamide methio- 


dide (121) had no affect on the blood pressure of the anaesthetized rat, 


CH.CH(CH,) CONH if 


(LEZ) 


2 


Barrass'group (1968) have studied several related amino amides of 
general structure (28) where R was a pyrrolidino or dimethylamino group 


and Rt was a methyl group or a hydrogen atom. The quaternary salts had 


sey 3 
R(CH,) CONR, n = 1 to 4 


5 a 
(28) 


nicotinic activity. A comparison of molecular models of these compounds 
with those of standard nicotinic agents showed that in every case, a 


quaternary nitrogen atom was separated from a carbonyl oxygen atom by 
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4- 4.52. As a working hypothesis, Barrassand his co-workers assumed 
that the nicotinic receptor had at least two essential sites separated 
by 4 - 4.5K, although all the known facts could not be accommodated by 
such a receptor model. 

A Drieding stereomodel of 2-methyl-3-piperidinopropionamide 
methiodide (112) showed that the quaternary nitrogen atom was separated 
from the carbonyl oxygen atom by 4.5% and could thus fit the proposed 
sites on the receptor. The lack of nicotinic activity is probably due 
to the branched methyl group in the 2-position interfering with binding 
at one or the other of the two active sites. Unfortunately, lack of 
time prevented the synthesis of the straight chain compound 3-piperi- 


dinopropionamide methiodide (132). 


CH 
/ a 
a 


CH,CH,CNH,, 7 


(132) 


3 


(iv) EFFECTIVENESS OF 3-MONOALKYLAMINOPROPIONOHYDROXAMIC ACID HYDRO- 
CHLORIDES IN PROTECTING AGAINST LETHAL ORGANOPHOSPHATE POISONING 


The ability of the 3-monoalkylaminopropionohydroxamic acid 
hydrochlorides to protect mice against lethal poisoning by DFP was 
investigated. Tables 5, 6 and 7 show the results obtained. None of 
these compounds, when given sc, was considered effective in protecting 


against DFP poisoning. 
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EXPERIMENTAL CHEMISTRY 
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NOTES ON THE EXPERIMENTAL DATA 


Melting points were determined on a Thomas Hoover capillary 
melting point apparatus. All melting points and boiling points are 
uncorrected. Ir spectra were recorded on a Beckman Infrared Spectro- 
photometer Model 10. Nmr spectra were taken on a Varian Associates 


Model A-60D spectrometer. When the solvent employed was D,0, DSS was 


2 
used as the standard; in other solvents the reference was TMS. Elemental 
analyses were performed by the Faculty of Pharmacy and Pharmaceutical 
Sciences and the Microanalytical Laboratory, Department of Chemistry, 


University of Alberta. All the commercial chemicals were used without 


further purification. 


SYNTHESIS OF AMINO-ESTERS AND RELATED COMPOUNDS 
General Preparative Methods 

Methyl acrylate or methyl methacrylate was added to an equi- 
molecular quantity of the appropriate amine under the conditions below. 
During the reaction period the flask was either kept in the dark or 
covered with foil to prevent light-catalyzed polymerization of the 
methyl acrylate or methyl methacrylate reactant, no polymerization 
inhibitor being employed. The reaction was judged complete by the 
absence of C = C stretching vibrations near 1630 and 1640 ae respec- 
tively in the ir spectrum of the crude product (due to the acrylate 
or methacrylate starting materials). The esters were then isolated by 
fractional distillation under reduced pressure and collected as color- 


less mobile oils. 
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Method 1 (Ziering et al 1947) 

The amine (0.25 mol) was dissolved in anhydrous methanol 
(100 ml) and the solution cooled in an ice-salt mixture. Ice-cold 
methyl acrylate or methyl methacrylate (0.25 mol) was added to the 
stirred amine solution in small aliquots. The resulting mixture was 
then allowed to stand at room temperature from 12 hr. to 7 weeks. The 
methanol was removed under vacuum on a rotary evaporator and the resul- 
ting oil distilled through a Vigreux column and the appropriate fraction 
collected. 
Method 2 

Methyl acrylate or methyl methacrylate (0.25 mol) was added 
to a solution of the appropriate amine (0.25 mol) in anhydrous metha- 
nol (50 - 100 ml). The reaction mixture was then heated under reflux 
for 20 hr. to 7 days. The solvent was removed by rotary evaporation 
and the residual oil fractionally distilled under reduced pressure. 
Preparation of the Hydrochloride Salts of the Amino-Esters 

The hydrochloride salts of the esters were obtained by adding 
anhydrous diethyl ether saturated with dry hydrogen chloride to a 
stirred ether solution of the appropriate ester cooled in ice-salt. The 
precipitated hydrochlorides were recrystallized from methanol-ether 
unless specified otherwise. They were obtained as colorless solids 
which were characterized by their infrared spectra. All the compounds 
examined showed vA stretching bands in the 2360 - 2790 ie region 


(Heacock and Marion 1956). 
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Methyl 2-methyl-3-methylaminopropionate (81) 


Methyl methacrylate (75.1g; 0.75 mol) in anhydrous methanol 
(100 ml) was added with stirring to a cooled solution of methylamine 
(15.53g; 0.5 mol) in absolute ethanol (50 ml) over a period of 90 
minutes. The product, after standing for 5 days at room temperature, 
was fractionally distilled under reduced pressure to give the title 
compound (13.15g; 34%) as a colorless oil bp 74 - 75° (26 mm). Reported 
(Howton 1945) bp 48.8 - 49.5 (8 mm); (Horii et al 1962) bp 48 - 50° 
(9 mm). 

Ir spectrum (film): 3360 (N-H), 1731 (C = 0) ee 


Anal. Found: .C,.55,295 Hi10.03: NO. requires: 


Foals 
RIES ARR Kae = amine Eh °F 

The hydrochloride was recrystallized from acetone-ether; 
mp B0r 2 
Methyl 2-methyl-3-ethylaminopropionate (82) 

Using general method 1 for the synthesis of amino-esters, the 
title compound was prepared in 47% yield from ethylamine and methyl 
methacrylate. The reaction mixture was allowed to stand at room temper- 
ature for 3 days. The product had bp 76° (18.5 mm). Reported (David 
and Sinay 1965) bp 51° (0,5 mm). 

Ir spectrum (film): 3338 (N-H), 1739 (C = 0) abo 

The hydrochloride salt of the title compound melted at 104 - 
105°. 

Anal, Bound ss 1C,. 46.003 We. ols C5H, (C1No,, requires: 
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Methyl 2-methy1-3-n-propylaminopropionate (83) 


When general method 1 for the synthesis of amino-esters was 
employed the title compound was obtained from n-propylamine and methyl 
methacrylate in 54% yield. The reaction mixture was kept at room 
temperature for 21 hr. The title compound had bp 88 - 89° (17.5 mm). 
Reported (Pfau 1967) bp 31° (0.15 mm). 

Ir spectrum (film): 3329 (N-H), 1740 (C = 0) eae 

Anal }tFoadndsere 2760 758; CH P410799 3 CoH, 7NO, requires: 
©7160. 305 “HP -L0..76% 

The mp of the hydrochtoride was 127 - i28° 3 


Methyl 3-isopropylaminopropionate (84) 


Using general method 1 for the synthesis of amino-esters, the 
title compound was obtained from isopropylamine and methyl acrylate in 
67% yield. The reaction mixture was left standing at room temperature 
for 6 days. The title compound had bp 80 - 82° (24.5 mm). 

Ir spectrum (film): 3336 (N-H), 1742 (C = 0) Jaa 

Recrystallization of the hydrochloride from acetone gave 
needles, mp 167°% 

Anal. “Found :""°C5"46,663'°H, *9 744; CiH, .C1NO., requires: 
Gy 40s005 Hy 9s 0; 


Methyl 2-methyl1-3-isopropylaminopropionate (85) 


The title compound was prepared from isopropylamine and methyl 
methacrylate in 44% yield by the general method 1 for the synthesis of 
amino-esters. The reactants were kept at room temperature for 5 days. 


The title compound had bp 83 - 84° (22.5 mm). Reported (Smith and 
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Binkley 1959) bp 48° (2 mm); (Pfau 1967) bp 41° (0.1 mm). 

Ir spectrum (film): 3334 (N-H); 1739 (C = 0) ee 

Its hydrochloride had mp 111 - 119 8 Reported (Pfau 1967) 
mp 114 - 114,5°. 


*Anal, hounds. C.248 6135 8. 39°22. Con. CINO 


gHig requires: 


Z 
Cree o.LOy He elne] « 


Methyl 2-methyi~3-n=butylaminoproptonate (86) 


The title compound was obtained in 40% yield from n-butyl- 
amine and methyl methacrylate using general method 1 for the synthesis 
of amino-esters. The reaction mixture was kept for 16 hr. at room 
temperature. The product had bp 104° (19 mm). Reported (Luskin et al 
1956) bp 58 - 60° (1 mm); (Biniecki and Gutkowska, 1966) 89 - 90° (8 mm). 

Ir spectrum (film): 3333 (N-H); 1740 (C = 0) ae. 

Anal. Found: C,) 62,26: Ho bia 24, CoH, NO, requires: 

Gab? SOS a LEO, 
The hydrochloride had mp 130 - 131," 


Methyl 3-sec-butylaminopropionate’ (87) 

Using general method 1 for the synthesis of amino-esters, the 
title compound was obtained in 38% yield from sec-butylamine and methyl 
acrylate. The reactants were stood at room temperature for 7 weeks. 
The title compound had bp 95 - 97° (22.5 mm). 

Ir spectrum (film): 3338 (N-H); 1741 (C = 0) om 

The hydrochloride was recrystallized from acetone-ether 


giving needles, mp 71.5 - 72.00% 
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ANTE came HOLT CS peatathess get, 1.6 Sem agitate CoH, gC1NO, requires: 
C, 49.10; Hynoe27% 


Methyt’2=methyi=3-sec-butylaminopropionate (33) 

When general method 1 for the synthesis of amino-esters was 
employed, the title compound was obtained in 39% yield from sec-butyl- 
amine and methyl methacrylate. The reaction mixture was left at room 
temperature for 7 weeks. The product had bp 99° (22.5 mm). 

Ir spectrum (film): 3343 (N-H); 1741 (C = 0) ee 

Recrystallization of the hydrochloride afforded needles, mp 
[re 

Anal wound :aG., ol. 0seH sy 7.24" CoH, yCLNO,, requires: 
d's Da) ae ws Olle 


Methyl 3-tert-butylaminoproptonate (89) 

The title compound was prepared in 56% yield from tert-butyl- 
amine and methyl acrylate using general method 1 for the synthesis of 
amino-esters. The reactants were kept at room temperature for 6 weeks. 
The title compound had bp 89 - 90° (24 mm). 

| Ir spectrum (film): 3325 (N-H); 1737 (C = 0) peels 

The hydrochloride was recrystallized to give needles, mp No, 

Nmr spectrum (D0): 6 3.73 (3-proton singlet, OCH.) ; 2.67 - 
3.50 (4-proton complex multiplet, CH.,CH,) 3 1.38 ppm (9-proton singlet, 
(CH) 0). 

myer roundterCs 49.415 8, 9.53. >C,H. .CINO, requires: 
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Methyl 2-methyl-3-tert-—butylaminopropionate (90) 


Using general method 1 for the synthesis of amino-esters, 
the title compound was prepared from tert-butylamine and methyl metha- 
crylate in 42% yield. The reaction mixture was kept for 6 weeks at 
room temperature. The compound had bp 89 - 90° (24 mm). Reported (Luskin 
et al 1956) bp 49 - 50° (1 mm). 

Ir spectrum (film): 3330 (N-H); 1740 (C = 0) cm. 

The mp of the hydrochloride was Laoe. 

Nmr spectrum (D0): 6 3.73 (3-proton singlet, OCH.) 5 2.81 - 
3.38 (3-proton complex multiplet, CH.CH) 5 1.78 (singlet, (CH) 4C)5 ieee al 
(doublet, J = 7 Hz, CH); combined signals at 1.78 and 1.21 ppm inte- 
grate for 12 protons. 

Anal... Foundite C9349 313. Hoe De 03 CoH, .C1N0, requires: 

C, 49.10; H, 9.27. 
Methyl 3-n-pentylaminopropionate (91) 

The title compound was obtained in 51% yield from n-pentyl- 
amine and methyl acrylate using general method 2 for the synthesis of 
amino-esters. The reaction mixture was heated under reflux for 24 hr. 
The product had bp 115° (22 mm). 

Ir spectrum (film): 3331 (N-H); 1743 (C = 0) ce 

Anal. Found: C,. 62.05; H, 10.80. CoH, NO. requires: 


C, 62.36; H, 11.06. 


Hydrochloride salt melted at 195.5°, 
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Methyl 2-methyl-3-n-pentylaminopropionate (92) 

When general method 2 for the synthesis of amino-esters was 
employed and the reactants were heated under reflux for 24 hr., the 
title compound was prepared in 58% yield from n-pentylamine and methyl 
methacrylate. It had bp 120° (22.5 mm). 

ir Sspectraum (film): 3344 (N-H); 1742 (Cc =-0) «m= >. 

Anal sround sr CPp46 4023; HW, 11.23. Cy 1 NO. requires: 

GC, 64.103 qi 13k, 

The hydrochloride was recrystallized from acetone-ether; 
mp 140°. 

Methyl 3-cyclopentylaminopropionate (93) 

The title compound was prepared from cyclopentylamine and 
methyl acrylate in 38% yield using general method 1 for the synthesis 
of amino-esters. The reaction mixture was kept at room temperature 
for 27 hr. The product had bp 119 - 121° (20 mm). 

Ir spectrum (film): 3332 (N-H); 1740 (C = 0) cm, 

The hydrochloride was recrystallized from acetone to give 
needles, mp 104 - 105°. It was recrystallized (acetone-ether) without 
a change in the melting point. 

Anals Found: Cy %SlalAy H..9.06. CoH, gC1NO,, requires: 

Gy SL. 98s5E, 250735. 


Methyl 2-methyl-3-cyclopentylaminopropionate (94) 
Using general method 1 for the synthesis of amino-esters, the 
title compound was obtained in 224 yield from cyclopentylamine and methyl 


methacrylate. The reaction mixture was kept at room temperature for 


87 


27 hr. The title compound had bp 122 - 123° (20.5 mm). 

Ir spectrum (film): 3331 (N-H); 1736 (C = 0) cae 

The hydrochloride salt was recrystallized from acetone-ether; 
mp 85 - 86°. 


Anal. Bound 3.5 4G 0054.26%5 shia De2On 4 aC c1NO, requires: 


10720 
G,, 340162 Hs 9.09. 
Methyl 3-isopentylaminopropionate (95) 

The title compound was obtained in 34% yield from isopentyl- 
amine and methyl acrylate when general method 2 for the synthesis of 
amino-esters was used. The reaction products were boiled under reflux 
for 23 hr. The title compound had bp 111 - 113° (21 mm). 

Ir spectrum (film): 3345 (N-H); 1741 (C = 0) omen 

Anal. aFound:. s@gn62.483 oH, th. 89% CoH, NO. requires: 
G@se62.36% Hielb.06% 

The hydrochloride of the title compound had mp 208°, 

Methyl 2-methyl-3-isopentylaminopropionate (96) 

When general method 2 for the synthesis of amino-esters was 
employed and the isopentylamine and methyl methacrylate reactants were 
heated under reflux for 23 hr., the title compound was prepared in 462 
yield. It had bp 116 - 117° (22.5 mn). 

Ir spectrum (film): 3339 (N-H); 1741 (C = 0) ar 

Afid@is Found? GC) 64.5315 Hy 1T1s10, Cy oH 1 NO. requires: 
CyPse4 THRO; AF el TI31% 

The hydrochloride salt of the title compound was recrystal- 


lized from methanol-ether. It was then recrystallized from acetone. 
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The hydrochloride sintered at 110° and melted at 119°. It was recry- 
Stallized (acetone) without a change in the melting point. 
Methyl~2=methy1=3-n=hexytaminopropionate (97) 

Using general method 2 for the synthesis of amino-esters, the 
title compound was obtained from n-hexylamine and methyl methacrylate 
in 37% yield. The reaction mixture was heated under reflux for 30 hr. 
The title product had bp 133 - 134° (21 mm). 

Ir spectrum (film): 3341 (N-H); 1738 (C = 0) Ranks 

Rial. found: | Gimo),o1.9H, liso, C,H 3N0, requires: 

CeO Ol see ot le 2 

The hydrochloride had mp 126 - 127°, 
Methyl 3-cyclohexylaminopropionate (98) 

When general method 2 for the synthesis of amino-esters was 
used, the title compound was obtained in 63% yield from cyclohexylamine 
and methyl acrylate, The reaction mixture was left at room tempera- 
ture for 12 hr. The title compound had the bp 132 - 133° (17.5 mm). 
Reported (Southwick and Crouch 1953) bp 125 - 128° (4.5 mm). 

Ir spectrum (film): 3320 (N-H); 1734 (C = 0) one ©, 

The hydrochloride was recrystallized several times to give 
material of analytical purity, mp 161 - loon Reported (Southwick and 
Crouch 1953) 163 - 164°. 

Anal.oi Founds p.C, boa4ella Hy494 12596938. J9ChAH. CLNO 


TO*20 2 
requires: haG, +5416} SH,-9209; (N, 06.823 


Methyl 2-methyl-3-cyclohexylaminopropionate (99) 


The title compound was obtained from cyclohexylamine and methyl 
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methacrylate in 42% yield by the general method 1 for the synthesis of 
amino-esters. The reactants were kept at room temperature for 3 days. 
The title product had bp 141° (22 mm). Reported (Horii et al 1962) 
110° (7 mm). 

Ir spectrum (film): 3328 (N-H); 1739 (C = 0) came 

Its hydrochloride had mp 1 Sie Reported (Horii et al 1962) 
156.4 

Anal. Found: G56. 12t0H, a9647.% C1 4H, oC1NO,, requires: 
CeO Ot si tgs Ol 


Methyl 3-n-heptylaminopropionate (100) 


The title compound was prepared in 45% yield from n-heptyl- 
amine and methyl acrylate using general method 2 for the synthesis of 
amino-esters. The reactants were heated under reflux for 15 hr. The 
title compound had bp 86 - 89° (0.06 mm). 

Ir spectrum (film): 3338 (N-H); 1742 (C = 0) Te 

Anal, Found: .C,.65.27s9n, 1 boa? Co 3N0, requires: 
GC. 365,613 0H. 1b 52, 

‘The hydrochloride salt melted at 181 - Koehe 


Methyl 2-methy1-3-n-heptylaminopropionate (101) 


a ag RR SR RIS AY A ESSA PETE ETD 


Using general method 2 for the synthesis of amino-esters, 
the title compound was prepared in 52% yield from n-heptylamine and 
methyl methacrylate after heating under reflux for 37 hr. The title 
compound had the bp 82 - 84° (0.03 mm). 


Tr iepectruma(fidmind 3342c(New) sebi4OndG =f0)mcma-, 
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AnabovRounds ©G7666%93.5 is 11540. Cj 9H, NO, requires: 


Getog lo sneer, ZL. 


The hydrochloride -satt~had-mp 115°, 


Methyl 3-n-octylaminopropionate (102) 


When general method 2 for the synthesis of amino-esters was 
employed, the title compound was prepared from n-octylamine and methyl 
acrvlate in 56% yield. The reaction mixture was heated under reflux 
for 9 hr. The title product had bp 110 - 112° (1 mm). 

Ir spectrum (film): 3340 (N-H); 1742 (C = 0) eer 

Anal. Pound: C€>766,698;H, 311747, Cj 5H,.NO0, requires: 

Ces Leh ees eo uaa: beainet il 87a Wl 


The hydrochloride of ‘the title compound had mp Mees 


Methyl 2-methy1-3-n-octylaminopropionate (103) 


The title compound was prepared in 52% yield from n-octyl- 
amine and methyl acrylate using general method 2 for the synthesis of 
amino-esters and heating under reflux for 1 day. The desired product 
had bp 118 - 119° (0.6 mm). 

| Ir spectrum (film): 3350 (N-H); 1743 (C = 0) she 

The hydrochloride was recrystallized from acetone-ether ; 
mp 111.5 - 112°, 

Anal. Bound: .Cy 7,555 08, gl. 20. CG. 3H C1NO, requires: 


13°28 
Gy 57,2218, 40.41, 


Methyl 3-(1,1,3,3-tetramethylbutylamino)propionate (104) 


Using general method 1 for the synthesis of amino-esters, 
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the title compound was obtained from 1,1,3,3-tetramethylbutylamine and 
methyl acrylate in 57% yield. The reaction mixture was kept at room 
temperature for 7 weeks. The title compound had bp 88 - 91° (0.1 mm). 

Ir spectrum (film): 3332 (N-H); 1745 (C = 0) as 

The hydrochloride salt was recrystallized from acetone followed 
by a further recrystallization from methanol-ether; mp 125... 

Nmr spectrum (D0): 6 3.80 (3-proton singlet, OCH 3) 5 2533 
- 3.35 (4-proton complex multiplet CH.CH.) 5 1.70 (2-proton singlet, 
CCH,C(CH,),)3 1.47 (6-proton singlet C(CH,),)3 1.05 ppm (9-proton singlet, 


CGH?) Ci, 


3)3 
Anal. »Houndis4.Ge 5/4505-Henl0.50% C1 5H, .C1NO, requires: 


C, 57.223 Bee lOgalks 
Methyl 2-methyl-3-(1,1,3,3-tetramethylbutylamino)propionate (105) 

When general method 1 for the synthesis of amino-esters was 
used, the title compound was prepared in 33% yield from 1,1,3,3-tetra- 
methylbutylamine and methyl methacrylate. The reactants were kept at 
room temperature for 7 weeks. The compound had bp 89° (On0 Je mn). 
Reported (Luskin et al 1956) bp rey” (0,5 4mm): « 

Ir spectrum (film): 3340 (N-H); 1746 (C = 0) arias 

The hydrochloride was crystallized from acetone and then 
recrystallized from methanol-ether; mp 148 - 149°, 

Nmr spectrum (D0): 6 3.76 (3-proton singlet, OCH); 2.68 - 
3.61 (3-proton complex multiplet, CH.,CH) ; 1.70 (2-proton singlet, CH, 
C(CH,)4)5 1.46 (6-proton singlet, C(CH,).5)5 1.26 (3-proton doublet, 


Je@~7 Hz, CH.) 5 1.04 ppm (9-proton singlet, (CH) ,C). 
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Ana ehound sy Cw 5O.O7s. Halo oa. C, 3H, .C1NO., requires: 


G55, 14 54H e LO 62. 
Methyl 3-allylaminopropionate (106) 

When general method 1 for the preparation of amino-esters was 
used, the title compound was obtained in 32% yield from allylamine and 
methyl acrylate, The reaction mixture was kept for 7 weeks at room 
temperature. The compound had bp 93 - 95° (25.55 mm) 4% 

Ir spectrum (film): 3343 (N-H); 1743 (C = 0); 1646 (C ® C) 
cm, 

The hydrochloride of the title compound was crystallized from 
acetone and recrystallized from acetone-ether; mp 75 - 7h high 

Nmr spectrum (D0): 6 5.28 - 6.26 (3-proton complex multiplet, 


CH., = CH); 3.60 - 3.88 (5-proton complex multiplet, CH,N’H CH 


NH, CH,CHCOOCH,) ; 


2,70 - 3.48 ppm (4-proton complex multiplet, CH,CH,). 
Anais, ef Gund ‘-440 2 A6,953. Hoes al. CoH, ,C1NO, requires: 
[Oh CASS ieee Wee TA Reto 


Methyl 2-methyl-3-allylaminopropionate (407) 

The title compound was prepared from allylamine and methyl 
methacrylate in 70% yield using general method 1 for the synthesis of 
amino-esters. The reactants were allowed to stand at room temperature 
for 7 weeks. The title product had bp 95° (24.5 mm). Reported 
(Sharifkanov and Ibranov 1963) bp 72 - pee mm); (Casy et al 1968) 
bp 74° (0,65 mm). 

Ir spectrum (film): 3354 (N-H); 1741 (C = 0); 1650 (C = C) 


cm . 
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The hydrochloride was recrystallized (methanol-ether) and 
recrystallized twice more (acetone); mp 108°, Reported (Sharifkanov 
and Ibranov 1963) mp 103 - 104.5°. 

Nmr spectrum (D0): & 5.26 = 6.57 (3-proton complex multiplet, 
CH, = CH); 3.61 - 3,93 (5S-proton complex multiplet, CHN*CH,CHCOOCH, ) 5 
2.75 - 3.50 (3-proton complex multiplet, CH.CH) ; 1.31 ppm (3-proton 
doublet; J = 7 Hz, CH). 

Anal, Found: C, 49.69; H, 8.58. CoH ,C1NO,, requires: 
Gy, 49603 H, 8.85. 


Preparation of methyl 3-piperidinopropionate and its quaternary salt (108) 
Piperidine (42.5g; 0.5 mol), ethyl acrylate (50.1lg; 0.5 mol) 

and anhydrous methanol (100 ml) were heated at reflux temperature for 

24 hr, after which the methanol was penoved by rotary evaporation. The 

residue was distilled under reduced pressure to give a fraction bp 

‘feal. Sato = (13.5 mm) (72.6g). The product was re-distilled and charac- 


terized as methyl 3-piperidinopropionate (117) bp 98° C2 So mim). 
Reported (Matkovics et al 1961) bp 72° (2 mm). 
Ir spectrum (film): 1744 (C = 0) se 
Anal founds: Cy 65 320s. HeelO. O07 « CoH, 7NO. requires: 
Gy. Coe arn LOO. 
The ester base (4.3g; 0.025 mol) and methyl iodide (excess; 
4g) were mixed together, A vigorous reaction set in and the product 
was cooled in ice-salt. After a few minutes 10 ml of anhydrous metha- 


nol were added and the methiodide precipitated by adding anhydrous 


ether; (4.8g; 61.3%). Recrystallization from methanol-ether gave 
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colorless needles, mp 147 - 148°, Reported (Matkovics et al 1961) 
mp 147 - 148°, 
Ir spectrum (Nujol): 1741 (C = 0) em), 


Anal@e Found MGC 1437594 "He 6,555 YNGU49 5380 C INO, requires: 


10291895 
C, 38,16; H, 6.87; N, 4.45. 


Attempted preparation of 1,4-bis (2-methoxycarbonylethy1) ethylenediamine 
(109) 


Ethylenediamine (0.5 mol; 30.05g) was dissolved in anhydrous 
methanol (200 ml) and to the solution, cooled in an ice-salt mixture, 
methyl acrylate (1.0 mol; 86.09g) was added portionwise. The resulting 
solution was kept for 3 weeks at room temperature in darkness. The 
solvent was then removed by rotary evaporation to leave a viscous yellow 


oil which was not distilled. 


Attempted preparation of methyl 2-methyl~3-piperidinopropionate methio- 
dide (110) 


The free base (2.3g; 0.0125 mol) (this chemical was kindly 
supplied by Dr. K.K. Midha, Faculty of Pharmacy and Pharmaceutical 
Sciences, University of Alberta who had prepared it by general method 
2 for the synthesis of amino-esters) was dissolved in anhydrous methanol 
(100 ml), the solution cooled in ice-salt and methyl iodide (excess; 
4g) added in small aliquots. The reactants were refluxed for a short 
time, the solution cooled, and anhydrous ether added. No title product 
could be isolated and attempts to prepare it using longer reaction 
times and different solvents such as acetone also failed. It was 


therefore concluded that this reaction was in some way hindered and 
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further efforts to isolate the quaternary methiodide were abandoned. 
Methyl 2-methyl-3-dimethylaminopropionate methiodide (111) 

A sample of methyl 2-methyl1-3-dimethylaminopropionate, prepared 
by the method of Perrine (1953), was kindly supplied by Dr. K.K. Midha. 
The free base (3.26g; 0.025 mol) was cooled in ice and methyl iodide 
(excess; 4g) added dropwise. After a short time 10 ml of anhydrous 
methanol was added and the methiodide product precipitated by adding 
anhydrous ether (2.6g; 36%). It was reprecipitated from anhydrous 
methanol and finally recrystallized from methanol-ether giving color- 
less needles, mp 107 - 108.5°. 

Ir spectrum (Nujol): 1733 (C = 0) bi ah 

Anais F ounidse §6Ct, Sic SiZese tH yacietZ9 SAIN papier 25) CoH, gINO. requires: 
Gye 3. 325 Hy *6, 293 NY 486. 


2-Methyl-3-piperidinopropionamide CL) 

A mixture of piperidine (21.5g; 0.25 mol) and methacrylamide 
(21,.5g; 0.25 mol) in anhydrous methanol (50 ml) was refluxed for 40 hr. 
Removal of the methanol solvent by rotary evaporation left an oily 
residue which solidified to a yellow solid on standing. The latter 
was distilled using an air condenser and the fraction bp 164 - 169° 
(14.5 mm) collected as the crude molten title amide, solidifying on 
standing (24.39g; 73%). The product was redistilled and the fraction 
bp 178° (17.5 mm) collected. The title compound was a colorless solid, 
mp 90° dec. 

Ir spectrum (KBr): 3374, 3196 (amide N-H); 1661 (Amide I); 


1632 (Amide IT) eee 
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Nmr spectrum (CCl) ): 6 7.8 and 6.79 (l1-proton broad singlets 
exchanged in D,0, NH.) 5 2.05 ~ 2.82 (7-proton complex multiplet, (CH, )- 


NCH,CH), 1,22 - 1.85 (6-proton complex multiplet (CH 1.1 ppm 


2 2)3)3 
(3-proton doublet, J = 5.5 Hz, CH). 


Anait Found: 9G, Go.45s"Hs 9520. O requires: 


“Hig? 
Crees t ers hy Oral. 

The amide base (17g; 0.1 mol) was dissolved in acetone (100 
ml), the solution cooled in ice-salt and methyl iodide (excess; 20g) 
added in small aliquots, The reactants were refluxed for a short time 
to complete the reaction, the solution cooled and the product precipi- 
tated by adding anhydrous ether; (28./7g; 922). Recrystallization from 
methanol-acetone afforded the methiodide as colorless crystals; mp 
200.5°, 

Ir spectrum (KBr): 3323; 3163 (N-H); 1689 (Amide 1); 1672 
(Amide IT) Siu. 


Anal? Pound :" "C36. 20s 1H, 80897 s Nig 0. 04, INO requires: 
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SYNTHESIS OF AMINOHYDROXAMIC ACID HYDROCHLORIDES 
General Preparative Method (Coutts et al 1969; 1970) 

The appropriate amino-ester (0.05 mol) was dissolved in 
anhydrous methanol (20 ml) and the solution cooled in an ice-salt 
mixture, A solution of hydroxylamine hydrochloride (0.05 mol) in 
anhydrous methanol (30 ml) was then added dropwise with stirring. The 


reactants were then allowed to stand at room temperature from 1 day to 
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5 weeks. The reaction was judged complete by the absence of the strong 

C = O stretching band near 1740 dita of the original amino-ester in the 

ir spectrum of the reaction mixture. In each case the presence of the 
aminohydroxamic acid was demonstrated by ferric chelate formation. When 
methanolic ferric chloride was added to a few drops of the reaction mixture, 
an intense violet color resulted. The aminohydroxamic acid hydrochlorides 
were then isolated and purified by the various methods indicated. 

The ir spectra of the aminohydroxamic acid hydrochlorides were 
recorded as KBr discs or Nujol mulls. Alli showed a strong absorption band 
due to the stretching of the carbonyl group between 1630 and 1678 Bee 
(Coutts et al 1969: 1971), together with N’-H stretching bands in the 
2380 - 2780 =o region (Heacock and Marion 1956). The nmr spectra of 
some of the aminohydroxamic acid hydrochlorides were recorded in DMSO-d. 
These showed a 4-proton very broad band in the 6 8.13 - 11.12 ppm range 


+ 
due to the two protons of the N H, group and the two protons of the NHOH 


z 


group. These protons exchanged in D,0. 
2-Methy1-3-methylaminopropionohydroxamic acid hydrochloride (113) 

The title compound was prepared in 44% yield from amino-ester 
(81) using the general method for the synthesis of aminohydroxamic acids. 
The reactants were allowed to stand at room temperature for 3 weeks. 
Anhydrous ether and acetone were then added to the reaction solution 
until close to the precipitation point. On standing at 0° colorless 
crystals of the title compound separated. The hydrochloride was 
recrystallized from methanol-acetone-ether: mp 137 - 138° dec. 

Ir spectrum (KBr): 1665 (C = 0) mee 


Anal round: 60,735,402 Goi 2922-0.” 16.95. CH, ,C1N.0,, requires: 
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2-Methy1-3-ethylaminopropionohydroxamic acid hydrochloride (114) 

Using the general method for the synthesis of aminohydroxamic 
acids, the title compound was prepared from amino-ester (82) in 15% 
yield. The reaction mixture was kept at room temperature for 1 week. 
The methanol was then removed under vacuum in a rotary evaporator to 
give an oil which was dissolved in ethanol. Addition of anhydrous 
ether and acetone to the solution and storage at 0° gave the hydro- 
chloride as colorless crystals; mp 105 - 106° dec. 

Ir spectrum (KBr): 1671 (C = 0) grime 

Anal hounds s0G., «3933, elemcvcaswiy tl. oO. CH, .C1N,0,, 
mequiress.1C. 25946320 8 28s-N 415.35, 


2-Methy1-3-n-propylaminopropionohydroxamic acid hydrochloride (115) 


The title compound was prepared from amino-ester (83) in 
23% yield by the general method for the synthesis of aminohydroxamic 
acids, The reaction mixture was left standing for 1 week at room 
temperature and the methanol concentrated by rotary evaporation. On 
keeping the solution at 0° the hydrochloride separated as long color- 
less needles. It was recrystallized twice from methanol-ether; mp 
122.5° dec. Reported (Coutts et al 1970) 125 - 127°. 

Ir spectrum (KBr): 1663 (C = 0) oo 2 

Naat, Thouitd 340 443.043) He S270 N, 14031, C5H, {C1N,0, 
Yequites + -C.peG2077.5 IplBeh2 pen ala 2 oD: 


2-Methy1-3-n-butylaminopropionohydroxamic acid hydrochloride (116) 


Using the general method for the synthesis of aminohydroxamic 
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acids, the title compound was obtained in 55% yield from amino-ester 
(86). The reaction mixture was kept at an temperature for 8 days. 
The methanol was concentrated by evaporation under reduced pressure. 
Anhydrous ether was added to the concentrated solution and a white 
solid separated, Recrystallization from methanol-ether gave colorless 
crystals of the hydrochloride; mp 140° dec. 

Ir spectrum (KBr): 1667 (C = 0) ee 

AnabenFoundincGs.45.06lsi pH yoSas6y Neils ass: CoH) C1N,0, 


requires? 1G,..45.61L5 .H,..9.09% N, 13 430. 


3-tert-Butylaminopropionohydroxamic acid hydrochloride (117) 


The title compound was prepared in 30% yield from amino-ester 
(89) by the general method for the synthesis of aminohydroxamic acids. 
The reactants were left at room temperature for 2 weeks. Evaporation 
of the solvent to dryness left an oily residue which deposited a white 
solid, Recrystallization from methanol-ether afforded colorless 


crystals of the hydrochloride; mp 168 - 169° dec. 


Ir spectrum (KBr): 1678 (C = 0) ee 


Nmr spectrum (DMSO-d /) : 6 8.59 - 10,20 (4-proton very 


broad signal exchanged in Do0, N"H,CH CH,CONHOH) (Coutts et al 1971); 


ae 


1.35 ppm (9-proton singlet, (CH,).C). 
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2-Methyl-3-tert-butylaminopropionohydroxamic acid hydrochloride (118) 


The title compound was obtained in 66% yield from amino- 


ester (90) using the general method for the synthesis of aminohydroxamic 
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acids, The reaction mixture was allowed to stand for 2 weeks at room 
temperature. After concentration of the methanol on a rotary evapor- 
ator the product immediately separated out as colorless crystals of the 
hydrochloride; mp 181° dec. 
Ir spectrum (KBr): 1677 (C = 0) cm ~. 
Anels Foudd sen al450535dH 948.995 NenkSn4 Os CoH, gC1N0,, 
Gequiressa C4245. 6lseHy9 093 Ny cb3..30. 


2-Methy1-3-n-pentylaminopropionohydroxamic acid hydrochloride (119) 


Using the general method for the synthesis of aminohydroxamic 
acids, the title compound was prepared in 68% yield from amino-ester 
(92), The reactants were allowed to stand for 10 days at room tempera- 
ture, When the methanol was concentrated under vacuum in a rotary 
evaporator the hydrochloride crystallized to give colorless needles, 
mp 143 - 144° dec. 

Ir spectrum (KBr): 1668 (C = 0) ae 

AVEALDPRFound PR F P48 Pray SH VMS 4 ss ONS S12 754 CoH, C1N,0, 
requires: (Cy 48511; cHyw9s42; cl, S204k: 


3-Cyclopentylaminopropionohydroxamic acid hydrochloride (120) 

The title compound was prepared in 27% yield from amino-ester 
(93) using the general method for the synthesis of aminohydroxamic acids. 
The reactants were left at room temperature, After 6 days, long 
needles of the title compound had crystallized from the solution. A 
second crop of fine needles was obtained by adding anhydrous ether to 
the mother liquor. The two crops were combined and recrystallized from 


methanol-ether giving colorless needles of the hydrochloride; mp 
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179 - 180° dec. 

Ir spectrum (KBr): 1633 (C = 0) Aol 

Avalbs Fotind? aC #44 57839(H £08 Sie NPREsRG3 | CoH, 7C1N.0, 
requires :@ €)°45, 82H ES. 65) NPSLS636., 
2-Methy1-3-cyclopentylaminopropionohydroxamic acid hydrochloride (121) 

Using the general method for the synthesis of aminohydroxamic 
acids, the title compound was obtained from amino-ester (94) in 287% 
yield, The reaction mixture was kept at room temperature for 1 week. 
Anhydrous ether was added to the daiuat ton until close to the precipi- 
tation point and on standing at 0° the hydrochloride separated as color- 
less crystals. It was recrystallized from methanol-ether; mp 156 - 
157° dec, 

Ir spectrum (Nujol): 1674 (C = 0) ena 

Anal; Found: Cy; 48,343 Hy, 8«68§ Ny, 1284, CgH, 9C1N,0, 
requires: Gy 48228; H; 9sObs-Ny 126533 


2-Methy1-3-n-hexylaminopropionohydroxamic acid hydrochloride (122) 


The title compound was prepared from amino-ester (97) in 63% 
yield by the general method for the synthesis of amino-hydroxamic acids. 
The reactants were allowed to stand at room temperature for 18 days. 

The solvent was removed under vacuum in a rotary evaporator and the 
residual oil dissolved in anhydrous methanol. Addition of anhydrous 
ether to the solution and storage at 0° yielded the crystalline 
hydrochloride as colorless needles, mp 135 - 136° dec. 

1 


Ir spectrum (KBr): 1669 (C = 0) cm. 


Anaisarounds. GC; SU.42sene Se/8 N, 274, Ci oy C140, 
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requires: 70,505,503" Hy 97 rs Ny rie/ 4. 
3-Cyclohexylaminopropionohydroxamic acid hydrochloride (123) 

Using the general method for the synthesis of aminohydroxamic 
acids, the title compound was prepared in 48% yield from amino-ester 
(98), After being kept for 5 days at room temperature, the reaction 
solution deposited a white solid. The title compound was recrystallized 
from methanol-ether giving colorless needles of the hydrochloride. It 
was recrystallized several times (methanol-ether) to give material of 
analytical purity; mp 182 - 183° dec. 

Ir spectrum (KBr): 1635 (C = 0) ae 

Nmr spectrum (DMSO-d -): 6 8.53 - 9.02 (4-proton very broad 


signal exchanged in D.0, NH CH,CH,CONHOH); 0.88 - 2.35 ppm (11-proton 


Z AY SIG 


complex multiplet (CH CH? 


2) 5 


Anal, Found: C, 48.16; H, 8.94; N, 11.90. CoH, gC1N,0., 


wequines:.«j 6.448.283 .Hy 93015 No n11296. 
2-Methyl-3-cyclohexylaminopropionohydroxamic acid hydrochloride (124) 
The title compound was obtained from amino-ester (99) in 672 
yield by the general method for the synthesis of amino-hydroxamic 
acids. The reaction mixture was allowed to stand at room temperature 
for 16 days, Evaporation of the solvent under vacuum left an oil 
which was dissolved in anhydrous methanol. Dilution of the solution 
with anhydrous ether until close to the precipitation point followed 
by storage at 0° yielded the hydrochloride as colorless needles. 
Further recrystallizations from methanol-ether gave material of 


analytical purity; mp 147 - 148° dec. 
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Ir spectrum (Nujol): 1672 (C = 0) cme 


Ane lyeroaund: GC, 50.74: (HO. 590s NC 11.94. C1 Ho C1N405 
requires: *C 8500572! H429%35% Ne Vaso. 


2-Methy1-3-n-heptylaminopropionotiydroxamic acid hydrochloride (125) 


The title compound was prepared in 66% yield from amino- 
ester (101) using the general method for the synthesis of aminohydroxamic 
acids, The reactants were kept for 10 days at room temperature. After 
concentration of the solution by rotary evaporation the hydrochloride 
crystallized as colorless needles, mp 123° dec. 

Ir spectrum (KBr): 1670 (C = 0) at 

Analy Frounay “C, O1.97%3, Hio9. Jee IN, 2.9. C1 4H,,C1N.0, 
requires: “CG, 52.25: H, 93973 N, 12.09, 


-n-Octylaminopropionohydroxamic acid hydrochloride (126) 
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‘Using the general method for the synthesis of amino- 
hydroxamic acids, the title compound was prepared from amino-ester 
(102) in 57% yield. The reaction mixture was allowed to stand for 1 
month at room temperature. The solvent was removed under vacuum and 
the semi-solid obtained dissolved in the minimum of absolute methanol. 
Dilution of the solution with acetone followed by storage at 0° yielded 
the crude title product as a waxy solid. Crystallization from metha- 
nol and recrystallization from methanol-ether gave the pure hydro- 
chloride as a colorless solid; mp 104° dec. 

Ir spectrum (KBr): 1669 (C = 0) eee 

Anal;,,Found: (c@Cesed2nachsbe the. 02sec, 511,05. 01Cast. -61N-0 


eT "25 : Ss 
Fequires: (6G, 552425; H, 9.97; N, 11.09, 
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Attempted preparation of 2-methyl-3-n-octylaminopropionohydroxamic acid 
hydrochloride (127) 


An attempt was made to prepare the title compound from amino- 


ester (103) by the general method for the synthesis of aminohydroxamic 
acids, The reaction mixture was allowed to stand at room temperature 
for 1 week. The solvent was removed under vacuum in a rotary evapor- 
ator and the residual oil dissolved in anhydrous methanol. Dilution 
of the solution with anhydrous ether until close to the precipitation 
point followed by storage at 0° gave a crumbly white solid. Further 
efforts to purify this crude material by recrystallization were 
unsuccessful, 

L 


Ir (Nujol): 1663 (C= 0) cm. 


3-(1,1,3,3-Tetramethylbutylamino)propionohydroxamic acid hydrochloride 


(128) 

The title compound was obtained in 68% yield from amino- 
ester (104) using the general method for the preparation of amino- 
hydroxamic acids, The reaction mixture was kept for 1 month at room 
temperature. Vacuum evaporation of the solvent left an oil which was 
dissolved in anhydrous methanol. Addition of anhydrous ether and 
storage at 0° afforded colorless crystals of the hydrochloride. It 
was recrystallized from methanol-ether; mp 153° dec. 

Ir spectrum (KBr): 1630 (C = 0) eeiue 

Nmr spectrum (DMSO-d): 6 8.30 - 10.20 (4-proton very broad 
signal exchanged in D,0, N"H, CHCH CONHOH) ; 1.71 (2-proton singlet, 
C(CH,) C(CH,)5)5 1.40 (6-proton singlet, C(CH,).)3 1.01 ppm (9-proton 


singlet, (CH,),C). 


omowrmgen wos poy ao 
“Toaava wiagon a at oer ~—s 


“serisant prem eatin: mpens, as ae , a +a" 


STOW sneeschieii, we 


| ort bins won Brany 8 tk Sarita st ite eat 
ae eriaieae Vt Eee et iF 
moby 48 dtrom L vot seed saw Pine a oe . 


| baoxd, xe modoxg~s) eco e8)« 
salen maaan OHO, 


105 


Anais Foundeme@g152039sdHf a9. Fon Nyonkhs03¢ C,,H,5C1N,0, 


Gequires shel peh2e25e; Hin992: wy L1500% 


2-Methy1-3-(1,1,3,3-tetramethylbutylamino) propionohydroxamic acid 
hydrochloride (129) 


Using the general method for the preparation of amino- 
hydroxamic acids, the title compound was obtained in 44% yield from 
amino-ester (105). The reactants were allowed to stand at room temper- 
ature for 5 weeks, The methanol was removed under vacuum in a rotary 
evaporator to give a colorless solid. Recrystallization from methanol- 
ether gave colorless crystals of the hydrochloride; mp 172° dec. 

Ir spectrum (KBr): 1673 (C = 0) Sen 

Nmr spectrum (DMSO-d -) : 6 8.60 ~- 10.93 (4-proton very broad 
signal exchanged in Do0, N"H, 
CCH,C(CH,)5))s 1.42 (6-proton singlet, C(CH,)5)3 1.18 (3-proton doublet, 


CH,,CHCONHOH) ; 1.73 (2-proton singlet, 


Jim, 7 Hz. CH); 1.01 ppm (9-proton singlet, (CH,).C). 


3)3 


Anal. Found: C€, “54.083 Hj. 9.99-oN= 10.72. C, 5H,7C1N,0, 


reduires: €, 54.01; H, 10.203 -N 10-50. 


Attempted preparation of 3-allylaminopropionohydroxamic acid hydrochloride 
(130) 


The synthesis of the title compound from amino-ester (106) 
was attempted using the general method for the preparation of amino- 
hydroxamic acids, The reactants were kept at room temperature for 6 
days. Evaporation of the solvent to dryness left an oily residue which 
could not be crystallized. 


2-Methy1-3-allylaminopropionohydroxamic acid hydrochloride (131) 


The title compound was prepared from amino-ester (107) in 
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31% yield using the general method for the synthesis of aminohydroxamic 
acids, The reaction mixture was allowed to stand at room temperature 
for 3 weeks. Evaporation of the solvent left an oily residue which was 
dissolved in absolute methanol and diluted with acetone. Storage at 


0° afforded the hydrochloride as colorless needles, mn 60° dec. 


Ir spectrum (KBr): 1664 (C = 0) ma 


Nmr spectrum (DMSO-d ,): 6 8.13 - 11.12 (4-proton very broad 


peak exchanged in D,0, NTH CH,CHCONHOH); 5.24 - 6.39 (3-proton complex 


a 


multiplet CH, = CH); 3.46 (2-proton doublet, J = 5.5 Hz, CHCH.,) 5 VeL6 


2 
ppm (3-proton doublet, J = 6 Hz, CH,). 
Anal, Bound: -C,, 43.36: (Hoo ,o45 NN, 4.49’. CoH, .C1N,0, 


Frequires: €, 43.21; H, 7773 N, 14,40. 
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CHAPTER 7 


EXPERIMENTAL PHARMACOLOGY 
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BIOLOGICAL METHODS 


ANAESTHETIZED RAT EXPERIMENTS 

All experiments were performed on rats weighing between 160 
and 530g. The rats were anaesthetized with urethane (0.75 ml per 100g 
intraperitoneally of a 25% solution). The surgical procedures were 
similar to those given by D'Amour et al (1965). The animal was fast- 
ened by each limb to a dissecting board with pieces of adhesive tape. 
An incision was made in the mid-line from slightly in behind the chin 
to the upper part of the thorax. The overlying connective tissue was 
cut and the underlying muscles separated along their central line to 
expose the trachea. The trachea was separated from the oesophagus by 
breaking the connective tissue holding them together. An opening was 
cut in the trachea and a tracheal cannula (a short length of Intramedic 
PE 240 polyethylene tubing with a tapered end) tied in place. 

The arterial cannula (a length of Intramedic PE 50 poly- 
ethylene tubing with the free end tapered) was connected to an E & M 
Instrument Co. Inc. Transducer, Model P-1000-A, via a size 23G 1 
needle. The system was filled completely by flushing an anticoa- 
gulant saline solution (Heparin, 1000 units per ml) through the trans- 
ducer. The cannula itself was then filled separately with Heparin 
solution (10,000 units per ml). The transducer was then connected to 
an amplifier and pen recorder (E & M Physiograph Desk Model DMP-4A) 
and calibrated, 

One of the carotid arteries was exposed and separated from 


its connective tissue sheath and from the vagus and cervical 


eto 0.) a fl Ban 

srew sstubscorg Laakgaue ed? ‘cain 1S = sLsenmasialp 
~sest eaw [amtae odT GaC1) Se de suend"d xd sovty sooty-ox zahbabe 
9982 ovinedbs 10 asoatg rity based gitsseest® 503 dab deo yd Bae 


otra sift batdad sf eames he mont mane tin ee nt shea sow gotatonk oA 
.xanibd? a2 20,3704 reqqu ed3.03 
o7 ont faraceo thedy atiola | tocar : ome gael tabay ods baw suo 
ud augariqoess ods moxt baseusell eal andeaiee edt -sedonsa ad’ euogee ° 
kav gotnego wh .tofteges macs gritbled supetz. svitoennes sti? gatdassd 
otbemsxsel to daanot srora 8) aLumawo fessioas 8 bos sedpats odd ot ayo 
| aoale ek bots (bos bateqss a cite, gatdus eseivdzeylog OAS. aa 

*vieq O02 27 ppbemaxsel to dgnel 8) aluanes Ietteyie ofT © 
M2 8 og of besoeamoo Baw. (Soxaqad ine seat edt ste guido anetyiee 
£ oes este 8 atv ‘A-0001~4 Lebalé eseoubenee? .onl 09 seomiesent 
~sontinas ne siitdewt? xd elotsfemes belli? eaw ase eit .elbeer 
“ons sda dquovis. (im ng anu’ COOI cmbvegsi) uativion oniine Jmatg 
| atsaqel dite yletetages Dect?) nods caw Mana aLemss ott. ..%soub 
02 betosmnos ned egw xéotibenixs sdT- (im 30q stay 000,02) aotsuton 
(ab ee vetikiqns os 
9 vlads. Bem 
I: ie 980 i / ateagel | 


saw sueets avidvnpins gotyisevo ant. 


109 


sympathetic nerves for a distance of 1 - 2 cm. The artery was tied off 
as far anteriorly as possible and the posterior end clamped with a 
bulldog clip. A small snip was made as close to the anterior tie as 
possible and the carotid cannula inserted into the artery and tied off 
in front of the bulldog clip. The clip was removed, the circuit opened 
to the transducer and the arterial blood pressure recorded. 

Two techniques were employed for the introduction of drugs 
into the system. With larger animals it was found convenient to 
cannulate the femoral vein. The femoral artery, vein and nerves were 
exposed and the vein separated from the artery. Two ligatures were 
positioned under the isolated vein, a small snip made in the vein and 
the posterior ligature tied off. The venous cannula (a length of 
Intramedic PE 50 polyethylene tubing partly drawn out, with the free 
end tapered) was attached to a 1 ml syring fitted with a blunted size 
23G 1 needle, The cannula was filled with saline from the syringe, 
inserted into the vein, and gently pushed down the vessel to a distance 
of about 2 em. The anterior ligature was tied and an additional liga- 
ture sewn through the leg tied down on the cannula to prevent it 
slipping out during handling. 

An alternative technique, found somewhat more convenient 
with smaller sized animals, involved cannulation of the jugular vein, 
The vein was carefully dissected free and the anterior end tied off. 

A small snip was made in the vein and the jugular cannula inserted, 
(facing the heart) and tied in position. As before an additional 


ligature was tied down on the cannula tubing to prevent its slipping out, 
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The drugs were dissolved in saline immediately before use 
and introduced via the venous cannulae using 1 ml disposable syringes 
attached to blunted needles. After injection each drug was washed into 


the system with 0,2 ml of saline. 


ISOLATED RABBIT INTESTINE EXPERIMENTS 

The rabbit intestine preparation described by Finkleman 
(1930) was used, A rabbit was killed and a length of ileum was taken 
with the mesenteric attachments intact. Portions 2 - 3 em in length were 
cut to which the mesenteric blood and nerve supply could be clearly seen, 
Threads were attached to this and to each end of the piece of intes- 
tine and the tissue suspended in a jacketed 20 ml or 300 ml organ bath, 
The mesentery was then threaded through electrodes connected to a 
stimulator (Harvard Apparatus Co. Model 240). A modified Krebs 
solution was used of the following composition in g per 1 of distilled 


waters NaCl. 165.93 KG1,+0435;-CaCr 7H50, 07293 


vik a 2 
3? Zs KH,PO, 0.16; glucose, 1.0. The solution was equili- 


briated with 95% oxygen and 5% carbon dioxide and the temperature was 


6H,0, 0.36; MgSO 


NaHCO 


maintained at 37°. The spontaneous contractions of the muscle were 
recorded by means of a strain gauge and an E & M Instrument Co. Inc. 
Isotonic Myograph Transducer, Mk II Ser 670, connected to an ampli- 


fier and pen recorder (E & M Physiograph Desk Model DMP-4A), 


EXPERIMENTS TO DETERMINE THE EFFECTIVENESS OF AMINOHYDROXAMIC ACIDS 
AGAINST DFP POISONING IN MICE 


Male Alas strain mice of weight range 20 - 25g were used. 
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Great care was exercised in handling DFP. It was transferred to a 
weighed sample vial in a fume hood, dissolved in distilled water and 
diluted such that 0.1 ml contained 5 mg/kg when administered ip. 
Each 3-monoalkylaminopropionohydroxamic acid hydrochloride was made 
up as a solution in distilled water so that 0.2 or 0.3 ml contained the 
desired dose on sec injection, Alternate routes were used for the 
injections of the aminohydroxamic acids and the DFP to minimize direct 
interaction between the two compounds. 

The general procedure was to inject groups of mice with the 
desired dose of the compound under investigation followed either 20 
or 30 minutes later by an injection of DFP. In each set of experi- 
ments one group of mice in which distilled water instead of an amino- 


hydroxamic acid had been injected was used as a control. 
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